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off  site  release  and  the  off  site  release  criteria  for  a  specific  site.  The 
objective  of  the  selection  process  Is  to  minimize  the  cost  of  contaminant  con¬ 
trol  /treatment  subject  to  site-specific  environmental  criteria.  Thus,  two 
major  categories  of  Information  must  be  complied:  the  effectiveness  of  the 
proposed  control/treatment  option  and  the  acceptable  criteria  concerning  con¬ 
centrations  of  contaminants  In  water,  sediments  and  soils,  and  air  at  a  spe¬ 
cific  disposal  site.  Technologies  should  be  used  that  ensure  that  criteria 
will  be  met  during  all  phases  of  dredging  transport  and  disposal  operations. 

'  ^Many  technologies  have  been  developed  for  control/treatment  of  contami¬ 
nated  media.  These  technologies  have  the  potential  for  application  to  a  con¬ 
taminated  dredged  material  handling  operation.  Such  technologies  are 
Identified  In  this  report.  Technologies  are  separated  Into  proven,  demon¬ 
strated,  demonstrable,  and  conceptual  categories.  *=^1— - “ 

In  the  case  of  small  projects.  It  Is  anticipated  that  the  cost  of  envi¬ 
ronmental  related  testing  may  exceed  the  cost  of  disposal.  The  concept  of 
disposal  area  overdesign  can  be  used  to  offset  the  high  cost  of  testing. 

Under  this  concept,  expensive  testing  Is  foregone  In  favor  of  extensive  engi¬ 
neered  controls,  monitoring,  and  agreements  of  Implementation  of  remedial 
actions . 
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PREFACE 


This  study  was  conducted  at  the  US  Army  Engineer  Waterways  Experiment 
Station  (WES)  during  the  period  May  1985  through  July  1986  by  Messrs.  M.  John 
Culllnane,  Daniel  E.  Averett,  Richard  A.  Shafer,  James  W.  Male,  Clifford  L. 
Truitt,  and  Mark  Bradbury  under  the  direct  supervision  of  Mr.  Norman  R. 
Franclngues  and  Dr.  Michael  R.  Palermo.  General  supervision  was  provided  by 
Dr.  Raymond  L.  Montgomery,  Chief,  Environmental  Engineering  Division  and 
Dr.  John  Harrison,  Chief,  Environmental  Laboratory. 

Technical  contributions  In  the  form  of  test  protocol  descriptions  were 
received  from  the  following:  Dr.  Bobby  L.  Folsom,  Jr.,  for  the  plant  uptake/ 
bloassay  tests;  Dr.  John  W.  Simmers,  Dr.  Stratford  H.  Kay,  and  Mr.  R.  G.  Rhett 
for  the  earthworm  bloassay  test;  Dr.  James  M.  Brannon  and  Mr.  Tommy  E.  Myers 
for  the  leachate  test;  Dr.  Palermo  for  the  effluent  test;  Dr.  Tom  M.  Dillon, 
Dr.  Henry  E.  Tatum,  and  Mr.  Victor  A.  McFarland  for  the  aquatic  and  benthic 
bloassay  test;  and  Mr.  John  G.  Skogerboe  for  the  surface  runoff  tests. 

Review  and  constructive  comments  were  received  from  the  Evaluation  Pro¬ 
cedures  Working  Group  (EPWG) ,  Puget  Sound  Dredged  Disposal  Analysis  Committee 
including:  Mr.  Jim  Krull,  Washington  Department  of  Ecology;  Mr.  David 
Jamison,  Washington  Department  of  Natural  Resources;  Mr.  Brian  Ross, 

U.S.  Environmental  Protection  Agency,  Region  X;  and  Mr.  Keith  Phillips, 

U.S.  Army  Engineer  District,  Seattle.  Mr.  Phillips  Is  chairman  of  the  EPWG 
and  project  coordinator  for  the  Seattle  District. 

Constructive  comments  have  also  been  provided  by  the  following:  Mr.  Doug 
Hotchkiss,  Port  of  Seattle;  Mr.  Carl  Kassebaum,  U.S.  Environmental  Protection 
Agency,  Region  X;  Mr.  John  Malek,  U.S.  Army  Engineer  District,  Seattle; 

Mr.  Phillip  Spadaro,  Hart-Crowser ,  Inc.,  and  Mr.  Jim  Thornton,  Washington 
Department  of  Ecology. 

The  Director  of  WES  during  the  study  and  preparation  of  this  report  was 
COL  Allen  F.  Grum,  USA.  Technical  Director  was  Dr.  Robert  W.  Whalln. 


EXECUTIVE  SUMMARY 


Puget  Sound,  a  major  Pacific  Coast  estuary,  Is  located  at  the  northwest 
corner  of  the  United  States  In  the  State  of  Washington.  The  Port  of  Seattle, 
located  on  Puget  Sound,  Is  the  largest  container  port  on  the  Pacific  Coast  of 
the  United  States  and  Is  the  second  largest  container  port  In  the  United 
States.  The  waterways,  harbors,  and  port  facilities  associated  with  Puget 
Sound  are  vital  to  the  economy  of  the  local  area,  as  well  as  to  the  nation. 
Puget  Sound  Is  considered  to  be  an  ecologically  rich  and  diverse  marine  water 
body  nestled  between  two  snow-capped  mountain  ranges.  In  recent  years;  how¬ 
ever,  environmental  studies  have  Identified  chemical  contaminants  In  sediment 
and  aquatic  organisms.  Many  areas  of  contamination  are  near  point  source  out¬ 
falls.  The  trend,  which  Is  expected.  In  view  of  recent  Intense  pollution 
abatement  programs  directed  at  point  source  discharges.  Is  for  lower  concen¬ 
trations  In  more  recent  sediments.  Contaminants  have  also  been  detected  In 
sediment  and  biota  for  areas  of  Puget  Sound  previously  thought  to  be  clean; 
however,  this  probably  results  from  the  more  Intensive  Investigations  now 
being  conducted  rather  than  new  contamination.  These  discoveries  have  focused 
agency  and  public  attention  on  the  health  of  the  Sound. 

Like  most  waterways,  navigation  on  Puget  Sound  Is  Impacted  by  sedimenta¬ 
tion  and  shoaling,  which.  If  left  unattended,  can  make  a  waterway  Impassable 
to  ship  traffic.  Maintaining  authorized  channels  for  navigation  and  expanding 
existing  facilities  on  Puget  Sound  require  dredging  and  disposal  of  an  esti¬ 
mated  1,000,000  cu  yd  of  sediment  each  year.  Of  this  amount,  approximately 
500,000  cu  yd  goes  to  unconfined  open  water  disposal.  These  projects  are 
implemented  by  a  variety  of  public  and  private  sector  agencies  Including  the 
US  Army  Corps  of  Engineers,  other  federal  agencies,  port  authorities,  marine 
Industries,  municipalities,  and  private  companies. 

Sediment  deposited  on  the  bottom  of  streams,  lakes,  and  coastal  waters 
varies  In  physical  and  chemical  composition.  Because  many  water  pollutants 
are  attracted  by  and  become  attached  to  sediment  particles,  pollutant 
concentrations  In  sediment  are  generally  much  greater  than  in  water.  Drainage 
basins  with  concentrated  urban,  industrial,  or  agricultural  sources  contribute 
significantly  to  downstream  sediment  contamination.  Such  Is  the  case  with 
Puget  Sound. 


The  environmental  Impact  of  sediment  depends  on  the  amount  of  contaminant 
p'^esent  and  the  mobility  of  the  contaminant  Into  environmental  pathways  by 
biological  or  hydrodynamic  processes.  The  chemistry  of  contaminants  In  sedi¬ 
ments  is  controlled  primarily  by  the  physicochemical  conditions  under  which 
Che  sediment  exists.  Fine-grained  sediment  Is  typically  anoxic,  reduced,  and 
near  neutral  In  pH.  The  manner  in  which  disposal  environments  affect  these 
chemical  characteristics  is  an  important  consideration  In  the  selection  of 
disposal  options.  If  sediment  Is  disposed  In  an  aquatic  environment,  sediment 
chemistry  may  not  change.  However,  transfer  of  the  sediment  to  a  dryer  envi¬ 
ronment,  such  as  an  upland  disposal  site,  may  change  the  chemistry  to  an  oxlc 
and  lower  pH  condition  more  favorable  to  the  release  of  contaminants  (Lee  et 
al.  1985). 

Biological  and  physical  processes  may  also  affect  Che  release  of  contam¬ 
inants  at  a  disposal  site.  Different  contaminants  and  sediment  with  different 
properties  do  not  always  respond  similarly  to  an  altered  biological  or  phys¬ 
icochemical  condition.  This  requires  testing  on  an  Individual  basis  for  site- 
specific  sediment  contamination  problems  (Gambrell  et  al.  1978). 

Puget  Sound  dredging  projects  may  be  conducted  to  maintain  navigation 
channels,  to  create  new  harbors  and  port  facilities,  or  to  remove  contaminated 
sediment  (remedial  actions).  Projects  whose  purpose  Is  remedial  action  will 
by  definition  contain  contaminants  that  require  special  considerations  during 
disposal.  Maintenance  or  new  work  dredging  may  involve  sediment  with  various 
degrees  of  contamination.  This  study  considers  disposal  options  for  contam¬ 
inated  sediment  from  all  three  types  of  projects. 

As  the  concern  over  dredging  and  disposal  of  contaminated  sediments 
Increases,  unconflned  open-water  disposal  of  dredged  material  from  harbors  and 
navigation  channels  is  being  closely  scrutinized  by  state  and  local  govern¬ 
ments  as  well  as  numerous  federal  agencies.  Due  in  part  to  inadequate  infor¬ 
mation  regarding  the  impacts  of  dredged  material  disposal  on  the  Sound,  new 
permits  and  renewals  of  existing  permits  for  open-water  disposal  sites  include 
more  stringent  conditions  than  permits  Issued  in  the  past.  Delays  or  restric¬ 
tions  in  Issuing  permits  have  delayed  maintenance  dredging  and  increased  the 
cost  of  Jiew  port  facilities. 

Because  of  the  environmental  significance  of  Puget  Sound,  the  US  Envi¬ 
ronmental  Protection  Agency  Region  X  (USEPA) ,  the  Washington  State  Department 
of  Ecology  (WDE) ,  and  the  Washington  Department  of  Natural  Resources  (DNR) 


developed  a  joint  program  for  dealing  with  Puget  Sound  pollution  problems 
called  the  Puget  Sound  Estuary  Program,  formerly  the  Puget  Sound  Initiative. 
The  purpose  of  this  program  is  to  identify  water  quality  problems  and  promote 
cleanup  actions.  The  part  of  this  program  aimed  at  dredged  material  disposal 
is  the  Puget  Sound  Dredged  Disposal  Analysis  (PSDDA).  Lead  for  PSDDA  was 
assigned  to  the  Seattle  District,  Corps  of  Engineers,  in  1984. 

The  goal  of  PSDDA  is  to  provide  the  basis  for  publicly  acceptable  uncon- 
flned  disposal  of  dredged  material  in  Puget  Sound.  The  PSDDA  program  will 
prepare  an  environmental  impact  statement  for  each  of  the  two  phases  of  the 
study.  The  basis  for  Phases  I  and  II  is  geographical  division  of  the  Sound 
into  the  Central  Puget  Sound  area  (Phase  I)  and  balance  of  the  Sound 
(Phase  II) .  Phase  I  is  to  be  completed  by  the  end  of  the  second  year  of 
study,  and  Phase  II  la  to  be  completed  during  the  third  year  of  the  study. 

The  overall  purpose  of  PSDDA  is  to  find  acceptable  ooen-water  disposal 
methods  and  sites  for  dredged  material.  The  PSDDA  plan  of  study  consists  of 
five  objectives.  This  report  presents  the  results  of  Task  3g  (Selection, 
Design,  and  Monitoring  of  Confined  Disposal  Options)  of  Objective  3  (Disposal 
Evaluation  Procedures).  Task  3g  is  Intended  to  identify  alternative  methods 
of  dredging/transportation/disposal  and  to  review  alternative  evaluation 
procedures  for  the  handling  of  sediments  that  are  unsuitable  for  unrestricted 
open  water  disposal. 

Dredging  operations  are  conducted  in  three  distinct  phases:  dredging 
sediments  from  their  in  situ  location,  transportation  of  the  dredged  material 
to  the  selected  disposal  area,  and  disposal.  This  report  discusses  the  selec¬ 
tion  of  control/treatment  alternatives  for  limiting  contaminant  release  during 
all  three  phases  of  dredging  operations.  Furthermore,  because  of  the  distinct 
and  significant  differences  in  operation  the  three  disposal  scenarios,  upland, 
nearshore,  and  restricted  open  water,  will  be  discussed  separately.  Thus, 
control/treatment  alternatives  can  be  categorized  as  follows: 

a.  Control/treatment  during  dredging. 

b.  Control/treatment  during  transport. 

c.  Control/treatment  for  upland  disposal. 

d.  Control/treatment  for  nearshore  disposal. 

e.  Control/treatment  for  open  water  disposal. 


The  selection  of  appropriate  control/traatment  alternatives  requires  that 
each  must  be  evaluated  using  a  uniform  set  of  criteria.  Although  Important 
criteria  will  vary  between  regions,  nine  evaluation  criteria  were  selected  for 
use  during  this  study.  Each  control/treatment  alternative  presented  in  this 
report  is  evaluated  in  terms  of  the  nine  evaluation  criteria.  These  criteria 
Include:  reliability,  Implementablllty/avallablllty,  technical  effectiveness/ 
efficiency,  environmental  concerns,  safety,  operation  and  maintenance,  costs, 
regulatory  requirements,  and  public  acceptance.  Definitions  of  these  criteria 
are  presented  In  Part  IX. 

Characteristics,  operational  considerations  and  control,  and  equipment 
considerations  and  modifications  for  dredging  contaminated  sediments  are 
described  for  each  dredging  alternative.  The  two  basic  types  of  dredges 
addressed  in  this  report,  hydraulic  and  mechanical  dredges,  are  categorized 
based  on  the  similarities  each  has  In  terms  of  contaminant  loss  during  dredg¬ 
ing.  Special-purpose  dredges  that  have  been  designed  for  contaminated  sedi¬ 
ments  are  also  Included  In  the  discussion.  Different  dredging  methods  appear 
more  appropriate  for  certain  contaminant  classes: 

a.  For  volatile  contaminants,  mechanical  dredges  are  likely  to  pro¬ 
duce  less  loss  than  hydraulic  dredges. 

b.  Sediment-bound  contaminants  can  be  removed  more  efficiently  by 
hydraulic  dredges  than  mechanical  dredges  and  appropriate  technology  exists 
for  control  of  solids  at  the  disposal  end. 

c.  Soluble  contaminants  can  be  removed  more  efficiently  by  a 
hydraulic  dredge,  but  are  difficult  to  control  at  the  disposal  end  and  treat¬ 
ment  of  the  effluent  water  may  be  required. 

Most  projects  are  likely  to  contain  all  three  types  of  contamination, 
confounding  a  decision  on  appropriate  dredging  technique.  In  terms  of  overall 
contamination,  sediment-bound  contaminants  usually  represent  the  bulk  of  the 
contamination,  suggesting  use  of  hydraulic  equipment  for  maximum  recovery  and 
extraction  efficiency.  The  amount  of  volatiles  that  may  be  lost  during  dredg¬ 
ing  are  not  likely  to  be  a  source  of  major  concern  In  many  projects.  As  the 
types  and  amount  of  soluble,  or  easily  solubilized,  contaminants  Increase  In  a 
sediment  to  be  dredged,  greater  consideration  should  be  given  to  the  cost  and 
environmental  Impact  of  mechanical  dredging  with  watertight  equipment  relative 
to  that  of  hydraulic  dredging  and  water  treatment  at  the  disposal  site. 
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This  evaluation  is  likely  to  be  the  key  to  selecting  a  dredge  for  a  given  con¬ 
taminated  sediment. 

In  terms  of  sediment  resuspension  at  the  dredge  site,  special-purpose 
hydraulic  dredges  produce  less  resuspension  than  ;onventional  hydraulic 
dredges,  and,  with  the  exception  of  hopper  dredge  overflow,  conventional 
hydraulic  dredges  produce  less  resuspension  than  mechanical  dredges.  In  terms 
of  slurry  water  that  may  require  treatment  at  the  disposal  site,  mechanical 
dredges  produce  much  less  water  than  special-purpose  hydraulic  dredges,  and 
special-purpose  dredges  produce  less  water  than  conventional  hydraulic 
dredges.  Hydraulic  dredges  produce  less  solids  resuspension  at  the  dredging 
site  and  have  a  higher  removal  efficiency  for  liquid  and  solid  phases  than  do 
mechanical  dredges.  However,  use  of  a  hydraulic  dredge  to  obtain  high  removal 
efficiency  at  the  dredging  site  Involves  a  tradeoff  requiring  consideration  of 
Increased  slurry  water  and  sediment  consolidation  time  at  the  disposal  site. 

A  variety  of  dredging  equipment  modifications  are  appropriate  for  work  in 
highly  contaminated  sediments.  Modifications  that  appear  most  promising  at 
this  time  Include: 

a.  the  walking  spud  (hydraulic  dredge). 

b.  ladder  pumps  (hydraulic  dredge). 

c.  in-line  production  meters  (hydraulic  dredge). 

d.  large,  watertight  buckets  (mechanical  dredge). 

Operational  modifications  to  be  considered  for  hydraulic  cutterhead 

dredges  include  minimizing  cutter  revolution  speed,  controlling  swing  speed, 
not  overdigging  the  maximum  cut  depth,  and  dredging  during  optimum  current 
conditions.  For  mechanical  dredging,  sweeping  the  bottom  with  the  bucket  and 
digging  fine-grained  sediments  from  underneath  (heavy  buckets  penetrating 
through  soft  surface  materials)  are  practices  to  be  avoided  in  contaminated 
areas.  For  most  operator  controls  or  operational  modifications,  serious  con¬ 
sideration  should  be  given  to  hourly  rental  of  dredging  equipment  rather  than 
bidding  in  order  to  maintain  control  of  project  costs  and  better  define  cost 
factors  during  first-time  use  of  modifications. 

The  key  considerations  involved  with  disposal  method  effectiveness  are: 

a.  The  class  of  contaminants  of  concern. 

b.  The  similarity  of  disposal  site  conditions  to  in  situ 
conditions. 
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c.  The  number  and  magnitude  of  contaminant  transport  mechanisms 
operating  at  the  disposal  site. 

d.  The  degree  of  control  or  treatment  possible  to  Intercept  migrat¬ 
ing  contaminant  fractions. 

e.  The  risk  of  significant  adverse  effects  from  contaminants 

released  by  the  disposal  method.  ' 

In  general,  leaving  or  disposing  of  contaminated  sediment  In  a  chemical 
environment  as  close  as  possible  to  their  In  situ  state  favors  contaminant 
retention  (especially  metals) .  Geochemical  changes  associated  with  air  and 
oxygen  In  upland  and  nearshore  sites  can  change  (reduce)  sediment  pH  (mobiliz¬ 
ing  metals)  and  alter  (dissolve,  degrade,  or  volatilize)  sediment  organic  car¬ 
bon  (mobilizing  organics).  Based  on  this,  many  contaminants  would  tend  to 
stay  bound  to  sediment  better  in  an  open-water  capped  site  than  a  nearshore  or 
upland  site.  For  organic  contaminants,  the  influence  of  geochemical  changes 
may  be  outweighed  by  the  consideration  of  water  exchange. 

Metals  will  often  go  into  solution  and  become  mobile  In  oxidized,  unsatu¬ 
rated  sediment  (e.g..  In  an  upland  site).  Organic  contaminants  tend  to  con¬ 
stant  solubility  regardless  of  how  wet  or  dry  the  sediment  stays.  Therefore, 
they  will  have  greater  mobility  potential  where  greater  exchange  of  water 
occurs  within  the  sediments.  These  tendencies  suggest  that  heavy  metal  con¬ 
taminated  sediments  should  be  left  under  water  and  organic  contaminated  sedi¬ 
ments  should  be  disposed  of  above  water.  Nearshore  sites  have  greater  water 
exchange  than  upland  sites,  and  upland  sites  have  greater  geotechnical  changes 
than  open  water  sites.  It  should  be  noted;  however,  that  the  net  effect  of 
drying,  matrix  decomposition/solubilization,  and  water  exchange  on  the  mobil¬ 
ity  of  metals  and  organics  is  not  easy  to  decipher. 

Open-water  sites,  especially  those  In  deep  water,  have  fewer  transport 
mechanism  than  upland  sites.  Nearshore  sites  have  the  most  transport  routes 
available  and  are  located  in  a  very  active  environment;  therefore,  nearshore 
disposal  may  be  the  least  preferred  method  for  long-term  confinement  of  con¬ 
taminants  because  of  significant  management  considerations. 

In  terms  of  controlling  contaminant  release,  open-water  disposal  allows 
for  very  few  controls  of  releases  other  than  cap  thickness.  However,  increas¬ 
ing  cap  thickness  is  a  relatively  simple  and  effective  control  method.  Upland 
•llsposal,  on  the  other  hand,  allows  for  the  greatest  control  through  design 
eutures,  monitoring  capabilities,  backup  contaminant  intercept  systems,  and 


treatment  facilities.  The  nearshore  disposal  operation  does  allow  for  greater 
control  of  contaminants  than  open  water  disposal,  but  many  fewer  than  are 
available  In  an  upland  disposal  scenario. 

For  open-water  disposal,  the  levels  of  contaminant  concentration  released 
will  be  low  relative  to  nearshore  or  upland  sites  and  will  be  diluted  by  the 
overlying  water.  The  risk  of  significant  damage  in  this  environment  is  low 
and  would  not  likely  affect  human  health.  For  upland  disposal,  environmental 
risks  Incurred  may  be  higher  than  in  open  water  because  of  potential  human 
health  concerns.  Because  of  its  active  environment,  the  risks  to  the  environ¬ 
ment  and  to  human  health  from  nearshore  disposal  may  be  greater  than  in  open 
water  and  In  many  situations  may  be  greater  than  at  an  upland  site. 

Control/treatment  technologies  for  containment  or  isolation  of  contami¬ 
nants  from  the  environment  are  discussed  In  Parts  IV  (Upland),  V  (Nearshore), 
and  VI  (Restricted  Open  Water). 

Control/treatment  technologies  for  upland  disposal  are  discussed  In  terms 
of  the  potential  migration  pathways  and  the  media  to  which  the  control/ 
treatment  technology  is  applied.  Six  types  of  potentially  contaminated  media 
are  Identified;  dredged  material  slurry,  dredged  material  solids,  disposal 
site  effluent,  disposal  site  runoff,  disposal  site  leachate  (including  seepage 
through  and  under  dikes),  and  residual  solids.  Passive  site  controls  such  as 
liners  and  covers  are  emphasized.  As  an  alternative,  treatment  technologies 
such  as  chemical  extraction,  physical  separation,  and  chemical  stabilization 
are  discussed. 

Disposal  of  contaminated  sediment  in  the  upland  environment  may  produce 
contaminated  liquids  including  effluent  produced  during  active  dredging  opera¬ 
tions,  runoff  water  produced  during  initial  dewatering  and  rainfall  events, 
and  leachate  produced  during  initial  dewatering  and  subsequent  rainfall 
events.  Six  levels  of  treatment  for  site  waters  were  identified  as  follows: 

a.  Level  I  is  the  removal  by  sedimentation  of  suspended  solids  and 
particulate  bound  contaminants  from  disposed  and  site-derived  water.  This 
level  would  remove  99.9  percent  of  solids,  80-99  percent  of  toxic  metals,  and 
50-90  percent  of  organic  contaminants. 

b.  Level  II  is  additional  treatment  to  remove  soluble  metals.  This 
level  would  Increase  metals  removal  to  greater  than  99  percent. 

c.  Level  III  is  treatment  to  remove  soluble  organics.  This  level 
increases  organics  removal  to  95  percent. 
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d.  Level  IV  la  treatment  to  remove  nutrients  such  as  ammonia  and 
phosphorus. 

e.  Level  V  Is  treatment  to  remove  dissolved  solids.  This  level 
would  Increase  organics  removal  to  99  percent,  but  Is  primarily  designed  to 
remove  nonmetalllc  Inorganic  contaminants  (e.g.,  nutrients  and  common  anions). 

f.  Level  VI  Is  disinfection  for  destruction  of  pathogenic 

organisms. 

In  going  from  upland  to  nearshore  to  open-water  disposal,  the  degree  of 
site  control  and  the  number  of  available  treatment  options  decreases.  This 
decreasing  control  is  translated  Into  reduced  opportunities  to  design  addi¬ 
tional  treatment  measures  that  would  prevent  sudden  or  accelerated  contaminant 
release  into  the  environment  and/or  to  avoid  the  extreme  expense  of  sediment 
removal  and  relocation. 

Potential  control/treatment  at  upland  sites  Includes  several  methods  that 
cannot  be  implemented  at  nearshore  sites  without  site  dewatering.  Dewatering, 
greater  than  natural  evaporation,  would  require  extraordinary  and  extremely 
expensive  construction  techniques  and  Is,  therefore,  not  considered  here. 
Foundation  material  In  the  nearshore  zone  may  not  be  adequate  to  support  the 
necessary  diking.  Seismic  potential,  mud  foundations,  and  tidal  fluctuations 
can  threaten  dike  stability.  As  a  result,  construction  In  the  nearshore  zone 
has  a  higher  risk  of  failure.  Therefore,  equivalent  treatment  at  each  site 
would  produce  lower  containment  of  contaminants  In  the  nearshore  site  due  to 
the  factors  operating  on  contaminant  mobility  and  the  limited  site  control 
relative  to  upland  sites. 

Restricted  open-water  disposal  is  discussed  in  Part  VI.  Currently  avail¬ 
able  control/treatment  technologies  for  open-water  disposal  are  generally 
limited  to  techniques  for  Isolating  the  contaminated  sediment  from  the  water 
column  during  deposition  (downplpes  and  diffusers)  and  techniques  for  longterm 
containment  of  contaminants  (caps  and  lateral  confinement).  Concepts  for 
treating  the  contaminated  dredged  material  followed  by  unrestricted  open  water 
disposal  have  been  proposed;  however,  are  not  sufficiently  developed  for  field 
scale  implementation.  These  concepts  employ  a  variety  of  treatment  technolo¬ 
gies  including  contaminant  separation,  contaminant  immobilization,  and  contam¬ 
inant  destruction.  To  date  only  contaminant  separation  has  been  demonstrated 
at  the  laboratory  and  pilot  scale.  Additional  research  and  development  will 
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be  required  prior  to  acceptance  of  this  concept  as  a  technically  and  economi¬ 
cally  attractive  alternative. 

Tests  required  for  the  selection  and  design  of  control/treatment  tech¬ 
nologies  are  presented  In  Part  VII.  Required  tests  are  divided  Into  four 
categories:  sediment  characterization  tests,  site  characterization  tests, 
contaminant  release  tests,  and  technology  design  tests.  Many  of  the  proto¬ 
cols,  particularly  for  contaminant  release  and  technology  design,  have  not 
been  standardized  and  are  currently  under  development.  Available  protocols 
specific  to  testing  of  contaminated  sediments  are  presented  In  Appendix  A. 

Many  control/treatment  technologies  proposed  for  application  to  contami¬ 
nated  sediment  have  not  been  proven  for  field  scale  Implementation.  Part  VIII 
of  this  report  discusses  four  categories  of  control/treatment  technologies: 
proven,  field  demonstrated,  demonstrable,  and  conceptual.  Proven  technologies 
are  those  Chat  have  been  applied  In  either  the  dredging  or  other  Industries 
for  control/treatment  of  contaminated  waste  or  materials.  Field  demonstrated 
technologies  are  Chose  that  have  been  applied  to  a  dredging  operation,  either 
on  a  pilot  or  full-scale  basis,  for  control/treatment  of  contaminated  sedi¬ 
ment.  Demonstrable  technologies  are  chose  that  could  be  considered  for  dem¬ 
onstration,  either  pilot  or  field  scale,  without  further  need  for  process 
development.  This  does  not  alleviate  the  need  for  laboratory  and  engineering 
studies  Co  design  and  Implement  the  technology.  Conceptual  technologies  are 
those  than  in  theory  would  treat,  control,  or  destroy  dredged  material  contam¬ 
inants,  but  are  unlikely  choices  for  current  Implementation  or  because  of 
limited  knowledge  of  their  reliability  and  technical  effectiveness. 

Whereas  Parts  11  through  VIII  of  this  report  concentrate  on  the  evalua¬ 
tion  of  control/treatment  technologies.  Part  IX  describes  a  strategy  for  form¬ 
ulating  control/treatment  alternatives  and  selecting  between  alternatives  for 
restricting  contaminant  migration  from  disposal  sites.  A  five-phase  Dredged 
Material  Alternative  Selection  Strategy  (DMASS)  is  discussed  in  detail.  The 
DMASS  Is  a  sequential  process  which  enables  a  planner  or  engineer  to: 

(1)  select  potential  sites  and  screens  out  poor  ones  after  a  detailed  site 
assessment;  (2)  select  potential  control/treatment  technologies  that  are 
appropriate  to  the  remaining  potential  sites  and  screen  out  poor  options  based 
on  knowledge  of  how  well  the  technologies  address  the  contaminants  and 
migration  pathways  of  concern;  (3)  develop  and  evaluate  alternatives  based  on 
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site/technology  combinations;  and  (4)  select  an  appropriate  site/technology 
alternative.  The  five  phases  of  the  DMASS  Include: 

a.  Phase  I.  Presumption  of  contamination  pathway. 

b.  Phase  II.  Confirmation  of  a  site  specific  contamination 
pathway. 

c.  Phase  III.  Alternative  development  and  Initial  screening. 

d.  Phase  IV.  Detailed  alternative  evaluation. 

e.  Phase  V.  Alternative  selection. 

The  first  phase  of  the  alternative  selection  strategy  Is  the  Initial 
determination  that  the  sediment  to  be  dredged  Is  contaminated  and  that  there 
Is  some  reason  to  believe  that  some  type  of  restriction  will  be  required  dur¬ 
ing  dredging/ transport/disposal  operations.  The  presumption  that  contaminant 
migration  is  a  concern  can  be  made  using  the  decisionmaking  framework  proposed 
by  Lee  et  al.  (1985)  and  Peddicord  et  al.  (1986). 

The  end  product  of  Phase  I  Is  a  listing  of  potentially  restricted  con¬ 
taminant  migration  pathways.  It  is  assumed  that  this  information  Indicates 
the  need  for  some  restrictions  or  at  least  the  need  for  further  detailed  anal¬ 
ysis  of  the  environmental  consequences  of  a  proposed  dredging/transport/ 
disposal  option.  In  Phase  II,  these  concerns  are  evaluated  In  terms  ^f  the 
characteristics  of  a  specific  dredging  and  disposal  site.  It  is  highly  pos¬ 
sible  that  one  site  may  require  restrictions  whereas  another  site  may  have 
characteristics  that  require  different  or  no  restrictions.  For  example, 
assume  that  initial  testing  of  the  sediment  Indicates  that  generation  of  con¬ 
taminated  leachate  may  impact  groundwater  or  surface  water  resources  at  a  dis¬ 
posal  site.  This  is  the  presumption  of  a  contamination  pathway.  As 
Individual  disposal  sites  are  assessed,  it  may  be  determined  that  one  site 
requires  a  liner  while  at  another  site,  fortuitous  geological  circumstances 
may  make  a  liner  unnecessary.  Thus,  the  presumption  of  a  contaminant  migra¬ 
tion  problem  based  on  sediment  testing  must  be  confirmed  by  site  specific 
evaluations . 

Phase  III  of  the  DMASS  includes  the  development  of  candidate  alternatives 
for  accomplishing  the  required  restrictions  placed  on  contaminant  migration 
and  performing  an  initial  assessment  of  proposed  alternatives.  The  primary 
obiective  of  applying  treatment/control  alternatives  at  a  site  is  to  reduce 
’•ifk  (a  function  of  contamination,  the  pathways,  and  the  receptors)  by  mlni- 
...i  ing  release  and  resultant  exposure  along  each  of  the  pathways.  The  initial 
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site  characterization  and  assessment  serves  to  identify  the  critical  migration 
pathways  for  a  specific  site.  Criteria  for  each  of  the  migration  pathways 
should  be  developed  and  compared  to  the  migration  potential  as  determined  from 
the  presumptive  tests  initially  applied  to  the  dredged  material.  In  cases 
where  migration  potential  exceeds  allowable  criteria  for  a  specific  site, 
design  alternatives  consisting  of  one  or  more  technologies  can  be  formulated 
which,  when  applied  at  the  site  under  study,  will  reduce  contaminant  migration 
within  acceptable  criteria. 

Phase  IV  of  the  DMASS  is  a  detailed  evaluation  of  control/treatment 
alternatives.  The  evaluation  of  alternatives  involves  a  determination  of 
evaluation  criteria  and  a  systematic  comparison  of  alternatives  so  that  alter¬ 
native  selection  can  be  made.  Nine  evaluation  criteria  are  proposed.  Unfor¬ 
tunately,  only  two  of  the  proposed  evaluation  criteria  can  be  easily 
quantified:  cost  and  operation  and  maintenance  which  can  be  valued  in  terms 
of  dollars.  The  remaining  evaluation  criteria  are  primarily  qualitative;  how¬ 
ever,  a  relative  numerical  ranking  system  is  described.  Multi-criteria  dis¬ 
play  techniques  are  proposed  to  aid  in  alternative  selection. 

Phase  V  of  the  DMASS  is  simply  alternative  selection.  The  DMASS  is  not 
designed  to  be  a  substitute  for  a  person  or  group  of  people  responsible  for 
making  decisions.  It  does  not  make  decisions,  but  assists  in  the  decision 
making  process  by  narrowing  the  number  of  choices  and  presenting  information 
in  a  logical  and  easily  understood  format.  How  the  choices  are  narrowed 
depends  in  part  on  the  decisionmaking  sequence  chosen  by  the  analyst.  It  is 
Important  that  decisionmakers  understand  the  process  that  is  followed  since 
selection  of  the  final  alternative  may  be  affected  by  the  decision-making 
sequence  chosen.  In  many  cases  selection  of  an  alternative  is  a  group  deci¬ 
sion,  often  with  each  member  of  the  group  emphasizing  different  criteria. 

When  a  decision  is  a  group  effort  (and  often  open  to  public  scrutiny),  it  is 
best  to  have  a  process  that  conveys  as  much  information  as  possible  about  the 
relative  merits  of  the  alternatives  being  considered  for  selection. 

Part  IX  of  this  report  also  contains  an  Illustrative  example  demonstrat¬ 
ing  application  of  the  DMASS  to  selection  of  control/treatment  alternatives. 
The  Totem  Ocean  Trailer  Express  Terminal  Project  in  the  Blair  Waterway  was 
selected  as  the  basis  for  the  illustrative  example.  Each  phase  of  the  DMASS 
is  applied  to  the  Commencement  Bay  project.  Practical  aspects  of  alternative 
selection  are  identified  and  discussed  in  detail. 
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An  alternative  to  the  extensive  testing  procedures  proposed  In  the  Deci¬ 
sion  Making  Framework  (WIF)  (Lee  et  al.  1985,  Peddlcord  et  al.  1986)  Is  the 
concept  of  conservative  design  without  extensive  testing  based  on  the  results 
of  tests  designed  to  determine  the  bulk  chemistry  of  sediments.  Under  this 
concept,  the  disposal  site  Is  designed  to  control  at  least  the  known  charac¬ 
teristics  of  the  dredged  material  (based  on  bulk  chemistry)  and  to  meet  strin¬ 
gent  restrictions  for  assumed  but  unquantlfled  characteristics.  The  basis  of 
this  strategy  Is  the  idea  that  Implementation  of  a  control/treatment  alterna¬ 
tive  designed  from  bulk  sediment  chemistry  data  may  be  more  cost  effective  or 
more  expedient  lan  conducting  the  extensive  testing  protocols  Identified  In 
the  DMF  (Lee  et  al.  1985,  Peddlcord  et  al.  1986). 

Contaminant  mobility  testing  may  not  be  necessary  under  at  least  three 
scenarios: 

a.  Bulk  chemistry  results  Indicate  that  the  material  has  acceptably 
low  levels  of  contaminants  and  standard  disposal  site  design  criteria  apply. 

b.  The  Intended  future  use  of  the  disposal  site  Imposes  design 
restrictions  more  stringent  than  those  that  would  otherwise  be  required.  For 
example,  If  an  upland  or  nearshore  disposal  site  is  to  be  capped  and  sealed 
because  the  site  Is  planned  for  future  Industrial  use,  plant  and  animal  blo- 
accumulatlon  testing  could  be  avoided. 

c.  The  use  of  the  most  environmentally  protective  design  Is  more 
cost  effective  tha  ncurring  the  cost  of  testing  to  demonstrate  that  a  less 
restrictive  design  is  appropriate. 

The  planning  level  design  of  a  contaminated  dredged  material  disposal 
facility  usually  incorporates  a  variety  of  structural  features  designed  to 
Isolate  the  contaminated  dredged  material  from  the  environment  and  a  monitor¬ 
ing  program  to  assess  the  environmental  Impacts  of  the  disposal  facility.  The 
testing  protocols  define  In  the  DMF  (Lee  et  al.  1985,  Peddlcord  et  al.  1986) 
are  designed  to  minimize  the  number  of  site  restrictions  while  ensuring  that 
measures  that  are  Implemented  have  a  high  probability  of  meeting  environmental 
goals.  Design  in  lieu  of  extensive  testing  concepts,  on  the  other  hand,  are 
generally  based  on  less  data  and  as  a  result  may  have  more  environmental  risk. 
To  compensate  for  the  possibility  of  Increased  environmental  risk,  design  in 
lieu  of  extensive  testing  concepts  usually  include  more  Intensive  monitoring 
nrograms  and  contingent  remedial  action  plans  that  are  triggered  by  specific 
:ciitamlnant  releases.  Thus,  the  design  in  lieu  of  extensive  testing  proposal 
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Includes  three  major  elements:  design  features  (Including  a  management  plan), 
a  detailed  monitoring  plan,  and  a  remedial  action  plan. 

Part  X  of  this  report  presents  a  strategy  for  deciding  between  the  design 
in  lieu  of  extensive  testing  strategy  and  the  implementation  of  the  DMF 
(Lee  et  al.  1985,  Peddlcord  et  al.  1986).  The  strategy  is  similar  to  the 
DMASS  presented  in  Part  IX  with  the  following  exceptions. 

a.  The  migration  pathway  estimate  Is  based  on  bulk  chemistry 
results  rather  than  detailed  contaminant  mobility  testing. 

b.  Closer  coordination  with  regulatory  and  resource  management 
agencies  is  required,  with  these  agencies  actively  participating  in  the  alter¬ 
native  development  and  evaluation  process. 

c.  The  alternative  package  Includes  a  detailed  contingent  remedial 
action  plan. 

d.  Monitoring  will  usually  be  more  intensive  because  of  the  envi¬ 
ronmental  uncertainties  associated  with  such  projects. 

A  four-phase  strategy  for  implementing  the  design  in  lieu  extensive 
testing  options  would  be:  presumption  of  contamination,  initial  design  versus 
extensive  testing  decision,  confirmation  of  contaminant  pathway,  and  alterna¬ 
tive  development  and  selection.  The  decision  to  implement  the  design  in  lieu 
of  extensive  testing  alternative  should  be  based  on  the  twin  concerns  of  costs 
and  environmental  risks  as  measured  by  regulatory  acceptances.  Costs  are  gen¬ 
erally  quantifiable  whereas  regulatory  acceptance  will  vary  from  project  to 
project  and  may  be  based  on  a  variety  of  Intangible  factors.  Therefore,  the 
strategy  emphasizes  the  use  of  costs  as  an  initial  screening  tool  to  evaluate 
the  feasibility  of  Implementing  the  design  in  lieu  of  extensive  testing 
options. 

The  appropriate  control/treatment-monltoring-remedlal  action  package  will 
be  highly  site  specific  and  development  of  a  generic  package  is  not  feasible. 
The  total  cost  of  the  project  is  the  basis  for  the  final  decision.  The  design 
in  lieu  of  extensive  testing  strategy  is  essentially  a  tradeoff  of  testing 
versus  construction  costs.  Guidelines  are  developed  to  assist  engineers  in 
the  initial  cost  screening  process.  For  large  projects,  those  greater  than 
100,000  cu  yd,  it  will  almost  always  be  cost  effective  to  conduct  extensive 
testing  in  an  effort  to  eliminate  control/treatment  measures.  For  smaller 
projects,  those  less  than  100,000  cu  yd,  the  design  in  lieu  of  extensive 
testing  option  may  be  cost  effective  depending  on  the  extent  of  the  required 


control/treatment  options.  The  decision  to  Implement  the  design  In  lieu  of 
testing  strategy  Is  very  site  specific.  A  detailed  preliminary  analysis  of 
the  technical  and  cost  feasibility  must  be  conducted  for  each  project. 

Part  XI  of  this  report  presents  conclusions  and  recommendations.  The 
broader  conclusions  and  recommendations  are  presented  below. 

a.  The  short-  and  long-term  release  of  contaminants  via  various 
migration  pathways  from  dredged  material  disposal  sites  cannot  be  Ignored. 
Several  techniques  for  predicting  releases  through  specific  pathways  have  been 
developed;  however,  the  development  of  additional  techniques  and  more  Informa¬ 
tion  is  needed  to  assess  environmental  effects  and  the  need  for  Implementing 
control/treatment  design  features. 

b.  Control/treatment  technologies  are  available  and  have  been  pro¬ 
posed  for  use  at  dredged  material  disposal  sites.  Beyond  removal  of  suspended 
sediment  from  disposal  area  overflow,  few  technologies  have  been  demonstrated 
for  control/treatment  of  contaminated  dredged  material. 

c.  Design  procedures  for  site  water  treatment  technologies  at 
upland  and  nearshore  disposal  sites  are  available  and  proven.  Nearshore  sites 
that  Involve  saline  waters  present  unusual,  but  not  insurmountable,  design 
problems. 

d.  A  variety  of  site-control  measures  such  as  lining  and  capping 
have  been  developed  for  control  of  hazardous  waste  materials.  Such  control 
measures  are  not  easily  adaptable  to  the  conditions  at  a  confined  disposal 
site  for  dredged  material.  Placement  of  liners,  particularly  at  nearshore 
sites,  has  not  been  sufficiently  demonstrated.  Dewatering  of  confined  con¬ 
taminated  dredged  material  will  require  special  equipment,  treatment  of  site 
water,  and  a  management  plan  for  controlling  contaminant  release. 

e.  Procedures  for  designing  restricted  open-water  disposal  sites 
are  not  well  developed.  In  particular,  designs  for  submerged  diffusers  and 
downplpes  for  deep  open-water  sites  have  not  been  thoroughly  developed  and 
their  Implementation  has  not  been  documented.  To  date,  the  feasibility  of 
implementing  lateral  confinement  and  capping  in  deep  water  has  not  been  demon¬ 
strated.  Projects  are  presently  under  design  that  will  be  used  to  demonstrate 
these  technologies. 

f.  The  selection  of  an  appropriate  control/treatment  alternative 
depends  on  both  site  (dredging  and  disposal)  and  sediment  characteristics. 

The  DMASS  presented  in  this  report  Is  a  useful  tool  for  developing  an  array  of 
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alternatives,  but  because  of  site  specificity  and  lack  of  experience  In  apply¬ 
ing  the  available  control/treatment  alternatives  to  dredged  material,  no  sin¬ 
gle  alternative  will  emerge  as  the  best  alternative. 

g.  With  the  assurance  of  major  cost  increases,  selection  of  con¬ 
trol/treatment  alternatives  for  very  highly  contaminated  dredged  material 
could  rely  on  technologies  developed  and  being  implemented  for  control  of  haz¬ 
ardous  wastes,  l.e..  Resource  Conservation  and  Recovery  Act  (RCRA)  and  Compre¬ 
hensive  Environmental  Response,  Compensation,  and  Liability  Act  (CERCLA) 
programs.  A  variety  of  proven  and  demonstrated  technologies  for  disposal  of 
low-level  contaminated  dredged  materx. ’  is  also  readily  available.  The  most 
difficult  decision  is  the  one  addressed  by  this  study;  selection  of  cost- 
effective  environmentally  sound  control/treatment  alternatives  for  contam¬ 
inated  sediments  that  require  more  control  than  clean  dredged  material,  but  do 
not  warrant  state-of-the-art  controls  required  for  a  hazardous  material. 

Until  more  field  experience  and  data  are  available  on  application  of  control/ 
treatment  alternatives  to  lightly  contaminated  dredged  material,  the 
alternative-selection  strategy  must  remain  somewhat  open  ended. 

1.  A  recurring  limitation  Is  the  evaluation  of  alternative  techni¬ 
cal  feasibility-environmental  effectiveness-costs  interactions.  Technical 
feasibility  can  only  be  addressed  through  the  continued  development  and 
demonstration  of  new  control/treatment  technologies.  A  number  of  these  new 
technologies  are  proposed  as  demonstration  projects.  The  evaluation  of  envi¬ 
ronmental  effectiveness  will  require  analysis  of  the  results  obtained  applying 
the  proposed  control/treatment  technologies  combined  with  the  continued  devel¬ 
opment  of  criteria  against  which  the  effectiveness  of  a  control/treatment 
alternative  can  be  evaluated.  Procedures  must  be  developed  that  enable  plan¬ 
ner  or  engineers  to  perform  site-specific  contaminant  migration  analysis. 
Finally,  the  costs  of  both  the  control/treatment  alternatives  and  testing  pro¬ 
tocols  are  Inadequately  documented  and  are  highly  variable.  Additional  effort 
must  be  expended  to  refine  the  costs  associated  with  controlling  contaminant 
migration  from  contaminated  dredged  material  disposal  sites,  evaluate  the 
potential  for  contaminant  migration,  and  assess  the  environmental  impacts 
associated  with  contaminant  migration. 
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CONVERSION  FACTORS,  NON-SI  TO  SI  (METRIC) 

UNITS  OF  MEASUREMENT 

Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI 
(metric)  units  as  follows: 


_ Multiply _  By 

feet  0.3048 

gallons  per  minute  3.785412 

horsepower  (550  foot-  745.6999 

pounds  per  second) 

inches  25.4 

miles  (US  statute)  1.609347 


To  Obtain 
metres 

cubic  decimetres 
per  minute 

watts 

millimetres 

kilometres 
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PART  1:  INTRODUCTION 


Background 


Puget  Sound,  a  major  Pacific  Coast  harbor,  is  located  at  the  northwest 
corner  of  the  United  States  in  the  state  of  Washington  (Fig.  1.1).  The  Port 
of  Seattle,  located  on  Puget  Sound,  is  the  largest  container  port  on  the 
Pacific  Coast  of  the  United  States  and  is  the  second  largest  container  port  in 
the  United  States.  The  waterways,  harbors,  and  port  facilities  associated 
with  Puget  Sound  are  vital  to  the  economy  of  the  local  area,  as  well  as  to  the 
nation.  Like  most  waterways,  navigation  on  Puget  Sound  is  affected  by  sedi¬ 
mentation  and  shoaling,  which,  if  left  unattended,  can  make  a  water  course 
impassable  to  ship  traffic.  Maintaining  appropriate  channels  for  navigation 
and  expanding  existing  facilities  require  dredging  and  disposal  of  an  esti¬ 
mated  1,000,000  cu  yd  of  sediment  each  year  from  Puget  Sound.  Of  this  amount 
approximately  500,000  cu  yd  goes  to  unconfined  open  water  disposal.  In  addi¬ 
tion  to  federal  navigation  projects  Implemented  by  the  Corps  of  Engineers, 
dredging  projects  are  sponsored  by  Puget  Sound  ports,  marine  Industries,  other 
federal  agencies,  municipalities,  and  private  companies. 

Puget  Sound  is  considered  to  be  an  ecologically  rich  and  diverse  marine 
water  body  nestled  between  two  snow-capped  mountain  ranges.  In  recent  years, 
however,  environmental  studies  have  documented  elevated  levels  of  chemical 
contaminants  in  aquatic  organisms  and  sediment.  Many  areas  of  contamination 
are  near  point  source  outfalls.  The  trend,  which  is  expected  in  view  of  pol¬ 
lution  abatement  programs  for  point-source  discharges,  is  for  lower  concen¬ 
trations  in  more  recent  sediments.  Contaminants  have  also  been  detected  in 
sediment  and  biota  for  areas  of  the  sound  previously  thought  to  be  relatively 
free  of  contaminant  sources;  however,  this  probably  results  from  the  more 
Intensive  investigations  now  being  conducted  rather  than  new  contamination. 
These  discoveries  focused  agency  and  public  attention  on  the  health  of  the 
Sound . 

Open-water  disposal  of  dredged  material  from  harbors  and  navigation  chan¬ 
nels  is  being  closely  scrutinized  by  state  and  local  governments.  New  local 
shoreline  permits  and  renewals  of  existing  permits  for  unconfined  open-water 
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disposal  sites  include  more  stringent  conditions  than  permits  issued  in  the 
past.  This  is  due  in  part  to  inadequate  information  regarding  the  impacts  of 

'h\- 

dredged  material  disposal  on  the  Sound.  Delays  or  restrictions  in  issuing 
project  specific  permits  may  delay  maintenance  dredging  and  Increase  the  cost 
of  new  port  facilities,  thereby  having  an  adverse  impact  on  the  economy  of  the 
Sound . 

Because  of  the  environmental  significance  of  Puget  Sound,  the  U.  S.  Envi¬ 
ronmental  Protection  Agency  Region  X  (USEPA) ,  the  Washington  State  Department 
of  Ecology  (WDE) ,  and  the  Washington  Department  of  Natural  Resources  (DNR) 
developed  a  joint  program  for  dealing  with  Puget  Sound  pollution  problems 
called  the  Puget  Sound  Estuary  Program,  formerly  the  Puget  Sound  Initiative. 
The  purpose  of  this  program  is  to  identify  water  quality  problems  and  promote 
cleanup  actions.  The  part  of  this  program  aimed  at  dredged  material  disposal 
is  the  Puget  Sound  Dredged  Disposal  Analysis  (PSDDA)  Committee.  The  lead 
agency  for  PSDDA  was  assigned  to  the  Seattle  District,  Corps  of  Engineers,  in 
1984. 


The  goal  of  PSDDA  is  to  provide  the  basis  for  publicly  acceptable  uncon¬ 
fined  disposal  of  dredged  material  in  Puget  Sound.  The  PSDDA  program  will 
prepare  an  environmental  impact  statement  for  each  of  the  two  phases  of  the 
study.  The  basis  for  Phases  I  and  II  is  geographical  division  of  the  Sound 
into  the  Central  Puget  Sound  area  (Phase  1)  and  balance  of  the  Sound 
(Phase  II).  Phase  I  is  to  be  completed  by  the  end  of  the  second  year  of 
study,  and  Phase  II  is  to  be  completed  during  the  second  and  third  year  of  the 
study . 


The  PSDDA  plan  of  study  consists  of  five  objectives  with  work  tasks 
defined  for  each  objective.  This  study  represents  the  results  of  Objective  3 
(Disposal  Evaluation  Procedures),  Task  3g  (Selection,  Design,  and  Monitoring 
of  Confined  Disposal  Options).  The  overall  purpose  of  PSDDA  is  to  find 
acceptable  open-water  disposal  methods  and  sites  for  dredged  material.  Task 
3g,  however,  is  intended  to  review  evaluation  procedures  and  alternative  meth¬ 
ods  of  disposal  of  sediment  that  Is  unsuitable  for  unrestricted  open  water 
disposal.  Although  included  in  PSDDA's  Phase  1,  it  is  a  nonsite-specific, 
(l.e.,  generic)  evaluation. 
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Related  Studies 


One  area  of  Puget  Sound  that  has  been  found  to  have  highly  contaminated 
sediment  Is  Commencement  Bay,  located  in  the  south  end  of  the  Sound  near 
Tacoma,  Washington.  The  sediment  is  contaminated  by  heavy  metals,  primarily 
arsenic,  and  organic  compounds  that  were  released  over  past  years  by  numerous 
and  diverse  industrial  operations.  The  Commencement  Bay  Nearshore/  Tldeflats 
area  is  included  on  USEPA*s  National  Priority  List  of  hazardous  waste  (Super¬ 
fund)  sites  under  the  Comprehensive  Environmental  Response,  Compensation,  and 
Liability  Act  (CERCLA) . 

The  WDE  entered  into  a  cooperative  agreement  with  USEPA  and  took  respon¬ 
sibility  for  implementing  Phase  I  Remedial  Investigations  for  the  Commencement 
Bay  Nearshore/Tldef lats  Superfund  Site.  As  part  of  these  investigations,  WDE 
enlisted  the  assistance  of  the  Seattle  District,  Corps  of  Engineers,  to  ana¬ 
lyze  alternative  dredging  and  disposal  methods  for  contaminated  sediment  with 
potential  application  to  Commencement  Bay.  The  Seattle  District  published  a 
final  report  (Phillips  et  al.  1985)  describing  and  evaluating  alternative 
dredging  methods  and  equipment,  disposal  methods  and  sites,  and  site-control 
and  treatment  practices  for  contaminated  sediment  derived  from  Commencement 
Bay.  The  discussion  of  alternatives  included  these  factors:  cost  of  each 
alternative;  degree  of  contaminant  confinement  and  release  resulting  with  each 
alternative;  and  considerations  and  limitations  specific  to  each  alternative. 

The  Seattle  District  made  another  important  contribution  to  the  remedial 
investigations  for  Commencement  Bay.  By  agreement  with  WDE,  the  Seattle  Dis¬ 
trict  and  the  US  Army  Engineer  Waterways  Experiment  Station  developed  a  deci¬ 
sionmaking  framework  focusing  on  how  dredged  material  should  be  tested  and  the 
results  interpreted  to  evaluate  potential  contaminant  impact  and  the  disposal 
conditions  for  which  dredged  material  would  have  minimal  adverse  impact  on  the 
overall  environment  was  developed.  The  WES  report  (Lee  et  al.  1985)  discussed 
these  questions  for  dredged  material  in  general  and  tlien  used  Commencement  Bay 
as  an  example  of  application  of  the  decisionmaking  framework. 

The  two  Commencement  Bay  studies  performed  by  the  Corps  of  Engineers  pro¬ 
vide  a  starting  point  for  this  study.  The  "Alternative  Dredging  Methods" 


report  (Phillips  et  al.  1985)  reviewed  most  of  the  methods  and  techniques 
available  for  controlling  the  impacts  of  dredging  and  disposing  of  contami¬ 
nated  sediment.  Parts  II,  III,  IV,  V,  and  VI  of  this  report  will  rely  heavily 
on  the  process  descriptions  for  the  various  methods  and  alternatives  discussed 
in  the  Commencement  Bay  report.  The  "Decisionmaking  Framework"  (Lee  et  al. 
1985)  addresses  the  question:  Are  restrictions  necessary  for  disposal  of  con¬ 
taminated  dredged  material?  However,  it  does  not  identify  testing  required  to 
address  design  of  a  disposal  site  or  selection  of  necessary  control  or  treat¬ 
ment  options.  The  "Decisionmaking  Framework"  will  be  used  in  Part  IX  to 
develop  a  strategy  for  selection  of  control/treatment  options. 

Nature  of  Contaminated  Sediment 

Sediment  deposited  on  the  bottom  of  streams,  lakes,  and  coastal  waters 
varies  in  physical  and  chemical  composition.  Because  many  water  contaminants 
are  attracted  by  and  become  attached  to  sediment  particles,  contaminant  con¬ 
centrations  in  sediment  are  generally  much  greater  than  in  water.  Drainage 
basins  with  concentrated  urban,  industrial,  or  agricultural  sources  often  con¬ 
tribute  significantly  to  downstream  sediment  contamination.  Such  is  the  case 
with  Puget  Sound. 

The  environmental  impact  of  sediments  depends  on  the  amount  of  contami¬ 
nant  present  and  the  mobility  of  the  contaminant  into  environmental  pathways 
by  biological  or  hydrodynamic  processes.  The  chemistry  of  contaminants  in 
sediment  is  controlled  primarily  by  the  physicochemical  conditions  under  which 
the  sediment  exists.  Fine-grained  sediment  is  typically  anoxic,  reduced,  and 
near  neutral  in  pH.  How  disposal  environments  affect  these  chemical  char¬ 
acteristics  is  an  important  consideration  in  the  selection  of  disposal 
options.  If  sediment  is  disposed  in  an  aquatic  environment,  sediment  chemis¬ 
try  may  not  change.  However,  transfer  of  the  sediment  to  a  dryer  environment, 
such  as  an  upland  disposal  site,  may  change  the  chemistry  to  an  oxlc  and  lower 
pH  condition  more  favorable  to  the  release  of  contaminants  (Lee  et  al.  1985). 

Biological  and  physical  processes  may  also  affect  the  release  of  con¬ 
taminants  at  a  disposal  site.  Different  contaminants  and  sediments  with  dif¬ 
ferent  properties  do  not  always  respond  similarly  to  an  altered  biological  or 


physicochemical  condition.  This  requires  testing  on  an  Individual  basis  for 
site-specific  sediment  contamination  problems  (Gambrell  et  al.  1978). 

Puget  Sound  dredging  projects  may  be  conducted  to  maintain  navigation 
channels,  to  create  new  harbors  and  port  facilities,  or  to  remove  contaminated 
sediment  (remedial  actions).  Projects  whose  purpose  is  remedial  action  will 
by  definition  contain  contaminants  that  require  special  considerations  during 
disposal.  Maintenance  or  new  work  dredging  may  Involve  sediment  with  various 
degrees  of  contamination.  This  study  considers  disposal  options  for  contami¬ 
nated  sediment  from  all  three  types  of  projects. 

Levels  of  Control/Treatment 

The  "Management  Strategy"  for  disposal  of  dredged  material  (Franclngues 
et  al.  1985)  discussed  the  two  initial  alternatives  available  for  disposal  of 
contaminated  dredged  material:  open-water  disposal  and  confined  disposal.  If 
the  testing  protocols  Identified  in  the  management  strategy  show  that  conven¬ 
tional  open-water,  nearshore,  or  upland  disposal  will  have  an  adverse  Impact 
on  the  environment,  then  open-water  disposal  with  restrictions  would  be  con¬ 
sidered  first  followed  by  confined  disposal  with  restrictions.  This  study 
begins  where  the  management  strategy  ends.  It  discusses  available  options  and 
decision  points  necessary  to  determine  if  design  of  a  particular  alternative 
is  feasible  and  to  select  the  best  alternative (s)  or  combination  of 
alternatives. 

When  dredging  contaminated  material,  two  other  levels  of  control  should 
be  considered.  Control  of  sediment  resuspension  and  contaminant  release  dur¬ 
ing  dredging  (at  the  dredge  head)  and  controls  to  prevent  release  of  contam¬ 
inated  material  during  transport  of  dredged  material  will  be  discussed.  In 
addition,  the  confined  disposal  options  for  nearshore  and  for  upland  sites 
will  he  considered  as  two  separate  levels  although  many  of  the  control/ 
treatment  measures  for  the  two  are  the  same.  This  yields  five  levels  of  con¬ 
trol  /  t  reatmenC  to  be  considered  by  this  study: 

-  Controls  during  dredging 

-  Controls  during  dredged  material  transport 
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-  Controls  for  upland  confined  disposal  with  restrictions 

-  Controls  for  nearshore  confined  disposal  with  restrictions 

-  Controls  for  open-water  disposal  with  restrictions 


Objectives 

The  two  objectives  of  this  study  are  (1)  to  Identify  control  and  treat¬ 
ment  options  for  contaminated  dredged  material  unsuitable  for  unconfined,  open 
water  disposal  and  (2)  to  describe  design  tests,  design  concepts,  and  guide¬ 
lines  for  selection  of  control  and  treatment  options. 


Scope 


The  study  objectives  will  be  accomplished  by  completion  of  the  ful‘'owing 
tasks: 

a.  Identify  and  describe  control  and  treatment  technologies  (Parts  II 
through  VI) . 

b.  Describe  tests  necessary  for  selection  of  design  features  (Part  VII). 

c.  Identify  proven  technology  applications  (Parts  II  through  VI  and 
Part  VIII). 

d.  Assess  the  feasibility  of  pretreatment  for  open  water  disposal  and 
use  of  rehandling  facilities  (Parts  VI  and  VIII). 

e.  Develop  guidelines  for  selection  of  design  features  (Part  IX). 

f.  Develop  scenarios  for  implementation  of  controls  without  predesign 
testing  (Part  X). 


Assumptions 


In  order  to  keep  the  scope  of  this  study  focused  on  contaminated  dredged 
material  In  the  Puget  Sound  area  and  on  the  objectives  of  this  study,  the  fol¬ 
lowing  assumptions  are  made: 


-  The  sediment  to  be  dredged  may  not  be  acceptable  for  unconflned,  open 
water  disposal  due  to  the  presence  of  contamination  exceeding  applicable  cri¬ 
teria.  This  determination  Is  based  on  evaluations  and  testing  protocols  pro¬ 
posed  in  "Management  Strategy  for  Disposing  of  Dredged  Material"  (Francingues , 
et  al.  1985)  and  "Decisionmaking  For  Management  of  Dredged  Material:  Appli¬ 
cation  to  Commencement  Bay,  Washington"  (Lee  et  al.  1985). 


-  Initial  cost  analysis  of  alternatives  will  be  based  on  an  order-of- 
magnltude  precision,  using  cost  incurred  elsewhere  on  similar  projects,  esti¬ 
mates  of  costs  associated  with  Implementing  an  average  size  project,  and/or 
relative  cost  values.  Due  to  the  number  of  factors  that  influence  cost, 
ranges  of  cost  will  frequently  be  used. 


-  Design  concepts,  guidelines,  options,  and  applications  for  contaminant 
control  and  treatment  will  be  based  on  existing  and  emerging  technology  found 
In  the  literature.  This  study  will  not  involve  any  new  analytical  or  field 


This  report  consists  of  eleven  parts  or  chapters.  Following  this  intro¬ 
ductory  chapter  are  five  chapters  dealing  with  the  five  levels  of  treatment  or 
control  for  contaminated  dredged  material,  i.e.,  during  dredging,  during 
transport,  for  upland  confined  disposal  sites,  for  nearshore  confined  disposal 
sites,  and  for  restricted  open-water  disposal  sites.  These  chapters  will  pro¬ 
vide  the  descriptions  of  individual  treatment  technologies.  Part  VII  reviews 
briefly  the  testing  protocols  recommended  for  evaluating  dredged  material  dis¬ 
posal  sites.  Part  VIII  cites  documented  application  of  control/ treatment 
technologies  to  contaminated  dredged  material  or  similar  applications  that 
have  proven  or  demonstrated  capabilities.  Part  IX  is  the  focal  point  of  the 
report.  It  seeks  to  explain  how  one  would  select  a  control  or  treatment 
alternative  for  a  given  situation.  Part  X  will  discuss  the  possibilities  for 
design  of  treatment  systems  with  little  or  no  laboratory  or  pilot-scale  test¬ 
ing.  Part  XI  recommends  candidate  technologies  for  pilot  or  field 
demonstrations . 


PART  II:  CONTAMINANT  CONTROL  DURING  DREDGING 

Background 

During  dredging  operations  all  dredge  plants,  to  differing  degrees,  dis¬ 
turb  bottom  sediment,  creating  a  plume  of  suspended  solids  around  the  dredging 
operation.  The  suspended  solids  plume  can  form  relatively  low  concentrations 
In  the  upper  water  column,  high  concentrations  near  the  bottom,  or  both 
depending  on  the  type  of  soil  and  the  amount  of  energy  Introduced  into  the 
sediment  by  the  dredge.  The  material  suspended  in  the  water  column  Is  often 
referred  to  as  turbidity;  the  dense  near-bottom  suspensions  are  commonly 
called  fluid  mud  or  fluff.  In  the  most  strict  sense,  turbidity  describes  a 
complex  relationship  of  factors  that  affect  the  optical  properties  of  the 
water  column.  Suspended  solids  concentrations  are  best  presented  In  gravi¬ 
metric  units  such  as  milligrams  or  grams  per  liter  indicating  the  weight  of 
dry  solids  In  a  volume  (liter)  of  sample. 

Due  to  aesthetic  and/or  biological  reasons.  It  may  be  generally  advanta¬ 
geous  to  keep  resuspension  to  a  minimum.  Limitations  may  be  placed  on  levels 
of  suspended  solids  when  even  normal  dredging  operations  occur  around  public 
areas  or  coral  reefs  or  during  certain  periods  in  the  life  cycle  of  a  specific 
marine  species  (Lunz,  Clark,  and  Fredette  1984).  However,  the  major  problems 
from  suspended  solids  occur  while  dredging  contaminated  sediment.  Contami¬ 
nated  sediment  may  release  contaminants  into  the  water  column  through  resus- 
penslon  of  the  sediment  solids,  dispersal  of  Interstitial  water,  or  desorption 
from  the  resuspended  solids.  Once  resuspended,  fine-grained  sediment  (clay 
and  silt)  tend  to  remain  In  the  water  column  longer  due  to  their  low  settling 
velocity.  These  fine-grained  sediment  fractions  also  have  the  highest  affin¬ 
ity  for  several  classes  of  contaminants,  such  as  organics  and  heavy  metals 
which  have  made  their  way  into  the  waterway.  Fulk,  Gruber,  and  Wullschleger 
(1975)  showed  that,  for  these  classes  of  contaminants,  the  amounts  that  are 
dissolved  or  desorbed  are  negligible  and  basically  all  contamination  trans¬ 
ferred  to  the  water  column  Is  due  to  resuspension  of  solids.  Clearly,  the 
control  of  sediment  resuspension  during  dredging  will  reduce  the  potential  for 
release  of  contaminants  and/or  their  spread  to  other  previously  uncontaminated 


areas . 


As  summarized  by  Raymond  (1984),  most  present  dredging  equipment  and 
techniques  evolved  as  a  result  of  emphasis  on  economic  return  as  measured  by 
maximum  production.  Conventional  dredges,  therefore,  are  not  specifically 
designed  to  operate  In  contaminated  sediment  and  some  modification  of  equip¬ 
ment  or  operating  techniques  may  be  necessary  for  such  use.  Fortunately, 
these  modifications  have  been  shown  to  be  minor  and  generally  within  reason¬ 
able  costs.  The  reason  for  this  can  be  seen  by  looking  at  one  definition  of 
resuspension.  Resuspension  can  be  viewed  as  the  difference  between  the  amount 
of  sediment  loosened  or  disturbed  from  the  bottom  and  the  amount  actually 
entrained  and  removed  by  the  dredge.  Therefore,  the  more  efficient  the  dredg¬ 
ing  process  is  the  less  resuspension  Is  likely  to  occur.  Modifications  to 
equipment  or  techniques  that  maximize  removal  without  Increasing  the  energy 
iniparted  to  the  sediment  In  the  loosening  process  will  reduce  resuspension 
'and  also  Increase  production). 

Minimizing  sediment  resuspension  as  described  above  reduces  the  potential 
for  Impact  at  the  dredging  site.  However,  two  additional  objectives  of  the 
dredging  process  are  a  result  of  disposal  considerations.  It  is  likely  when 
dealing  with  contaminated  sediment  that  disposal  will  be  more  costly  as  a 
result  of  controls,  treatment,  handling  procedures,  and  limited  disposal 
areas.  In  general,  the  dredging  equipment  and  techniques  should  seek  to  mini¬ 
mize  the  total  volume  (and  therefore,  cost)  of  dredged  material  that  must  be 
uiridled  in  the  disposal  operation.  Maximizing  the  solids  concentration 
del reases  the  free  water  that  must  be  treated  as  effluent  and,  by  reducing  the 
V  portunity  for  extracting  soluble  contaminants,  lowers  the  levels  of  contami- 
narion  In  that  effluent.  A  second  problem  Is  simply  over-dredging  the  site  so 
i'  at  volumes  of  clean  sediment  become  mixed  with  the  contaminated  material. 
Increasing  the  overall  volume  that  must  be  disposed  of  as  contaminated.  Cer¬ 
tainly  some  deliberate  over-depth  or  over-area  Is  normally  designed  Into  a 
proiect  to  ensure  complete  removal  of  the  contaminants.  But,  beyond  this 
i!t‘  fen,  the  dredging  equipment  and  technique  must  provide  sufficient  control 
t  remove  relatively  thin  layers  (e.g.  contour  dredging)  and  small  hot  spots. 

The  following  sections  of  this  chapter  discuss  the  sediment  resuspension 
characteristics  of  various  conventional  and  special-purpose  dredges  followed 


by  suggested  techniques  or  designs  that  may  be  used  to  further  control  resus- 
penslon  and  address  the  additional  objectives  of  reducing  the  volumes  handled. 


The  dredging  process  Itself  Involves  four  basic  tasks:  (1)  the  loosening 
or  dislodging  of  sediment  by  mechanically  penetrating,  grabbing,  raking,  cut¬ 
ting,  drilling,  blasting,  or  hydraulically  scouring;  (2)  a  lifting  action 
accomplished  by  mechanical  devices  such  as  buckets  or  by  hydraulic  suction; 

(3)  the  transporting  of  dredged  material  by  pipelines,  scows,  hopper  dredges, 
or  trucks;  and  C^)  disposing  of  the  materl^Al  by  either  discharging  from  a 
pipeline  or  by  dumping  from  trucks  Into  a  confined  disposal  area,  bottom  dump¬ 
ing  from  barges,  or  pumping  out  of  scows  or  hoppers.  In  some  hydraulic  oper¬ 
ations,  all  four  actions  are  carried  out  continuously  and  concurrently  by  a 
single  piece  of  equipment,  but  In  others  the  various  functions  are  performed 
separately  and  Intermittently,  utilizing  two  or  more  pieces  of  equipment.  For 
Instance,  where  dredging  equipment  does  not  have  on-board  storage  capability 
or  where  environmental  considerations  preclude  the  possibility  of  disposing  of 
the  material  Into  open  water  adjacent  to  the  dredging  site,  auxiliary  equip¬ 
ment  (scows  or  barges)  Is  required  for  storage  transport  f  t.;e  dredged 
material.  Dredging  equipment  and  dredging  oper.  Ions  resist  precise  categor¬ 
ization.  As  a  result  of  specialization  and  tradition  In  the  Industry,  numer¬ 
ous  descriptive,  often  overlapping,  terms  categorizing  dredges  have  developed. 
For  example,  dredges  can  be  classified  according  to;  the  basic  means  of  mov¬ 
ing  material  (mechanical  or  hydraulic);  the  method  of  storage  or  disposition 
of  dredged  material  (pipeline  or  hopper);  the  device  used  for  excavating  sedi¬ 
ments  (cutterhead,  dustpan,  plain  suction);  the  type  of  pumping  device  used 
(centrifugal,  pneumatic,  or  airlift);  and  others. 


Two  basic  types  of  dredges,  hydraulic  and  mechanical,  are  addressed  in 
this  report.  These  descriptive  categories  were  selected  based  on  the  differ¬ 
ences  each  have  In  terms  of  contaminant  loss  during  dredging  and  disposal 
activities. 


Mechanical  dredges  remove  bottom  sediment  through  the  direct  application 
of  mechanical  force  to  dislodge  and  excavate  the  material  at  almost  In  situ 
densities.  Clamshell,  dipper,  dragline,  and  ladder  dredges  are  types  of 
mechanical  dredges. 

Hydraulic  dredges  remove  and  transport  sediment  In  liquid  slurry  form. 
They  are  usually  barge  mounted  and  carry  diesel  or  electric  powered  centrif¬ 
ugal  pumps  with  discharge  pipes  ranging  from  6  to  48  Inches  In  diameter. 
Cutterhead,  suction,  dustpan,  hopper,  and  special-purpose  dredges  are  types  of 
hydraulic  dredges.  Special-purpose  dredges,  for  this  report,  are  dredges 
designed  to  pump  high  solids  concentrations  and/or  produce  low  turbidity 
levels . 

Selection  Criteria 

Selection  of  dredging  equipment  and  method  used  to  perform  the  dredging 
will  In  general  depend  on  the  following  factors: 

a.  Physical  characteristics  of  material  to  be  dredged. 

b.  Quantities  of  material  to  be  dredged. 

c.  Dredging  depth. 

d.  Distance  to  disposal  area. 

e.  Physical  environment  of  and  between  the  dredging  and  disposal  areas. 

f.  Contamination  level  of  sediment  and  mobility  of  contaminants. 

g.  Method  of  disposal. 

h.  Production  required. 


1.  Type  of  dredges  available. 


Dredging  of  contaminated  sediments  require  the  additional  consideration 
of  contaminant  loss  during  the  extraction  process  and  meeting  of  applicable 
criteria  pertaining  to  removal  efficiencies  and/or  environmental  protection. 
For  most  jobs,  the  controlling  factors  In  equipment  selection  are  the  degree 
of  contaminant  confinement  required  and  the  cost  necessary  to  achieve  this 
confinement.  For  any  given  dredging  method,  technologies  and  practices  exist 
that  Increase  contaminant  removal  and  confinement,  though  confinement  effi¬ 
ciencies  will  vary  greatly  among  techniques.  Therefore,  the  critical  element 
In  the  selection  of  a  dredging  technique  is  the  definition  of  criteria  that 
are  to  be  met.  These  criteria  may  specify  removal  efficiencies,  allowable 
losses,  emission  rates,  and/or  concentrations  for  individual  contaminants, 
allowing  a  variety  of  dredging  techniques  to  be  considered,  or  the  criteria 
may  specify  certain  equipment  or  method  as  requisite  for  given  levels  and 
types  of  contamination.  Other  than  through  exercise  of  judgment,  recommended 
techniques  are  difficult  to  determine  prior  to  consideration  of  these 
criteria. 


Many  operational  modifications  and  controls  that  can  be  used  for  working 
In  contaminated  sediment  are  not  standard  or  accepted  practices.  Therefore, 
contractors  bidding  on  a  job  requiring  these  modifications  may  feel  the  need 
to  protect  their  job  profits  by  increasing  bids.  A  solution  to  this  cost 
escalation  effect  is  hourly  rental  rates  until  the  operators  gain  experience 
In  use  of  a  specific  control  practice.  Better  cost  control  can  result  with 
this  approach. 


Operational  Characteristics  of  Various  Dredges 


Hopper  Dredges.  Hopper  dredges  are  self-propelled  seagoing  ships  of  from 
180  to  550  ft  in  length,  with  the  molded  hulls  and  lines  of  ocean  vessels 
(Fig.  2.1).  They  are  equipped  with  propulsion  machinery,  sediment  containers 
(hoppers),  dredge  pumps,  and  other  special  equipment  required  to  perform  their 
essential  function  of  removing  material  from  a  channel  bottom  or  ocean  bed. 
Hopper  dredges  have  propulsion  power  adequate  for  required  free-running  speed 
and  dredging  against  strong  currents,  and  excellent  maneuverability  for  safe 
and  effective  work  in  rough,  open  seas.  Dredged  material  is  raised  by  dredge 
pumps  through  dragarms  connected  to  dragheads  (Figs.  2.2  and  2.3)  In  contact 


Draqarms  ( Ai  with  cJragheads  (B)  extend  frofri  each  side  of  the  ship  s  null  "^np  ijraqneads 
are  lowered  to  the  channel  bottom  and  siowiy  pui^^d  over  the  a'ea  *o  be  dM'dqed  ^ 

(C  I  create  suction  in  the  drag  arm  ar>d  the  siH  or  sand  is  drawn  up  inmugn  -np  ,i-,  : 

deposited  m  hopper  bins  (D)  m  the  vessel  s  midsect'on  When  the  bms  a^e  '  /i:  vpoqp 

sails  to  the  designated  disposal  area  and  empties  the  dredged  mate^  ai  ’nfoug**  j» 
hopper  doors  'F  I  in  the  bottom  of  the  hyli 

Figure  2.1.  Typical  hopper  dredge  components 

with  the  channel  bottom,  and  discharged  into  hoppers  built  in  the  vessel. 
Hopper  dredges  are  classified  according  to  hopper  capacity:  large-class  hop¬ 
per  dredges  have  hopper  capacities  of  6000  cu  yd  or  greater,  medium-class  hop¬ 
per  dredges  have  hopper  capacities  of  2000  to  6000  cu  yd,  and  small-class 

hopper  dredges  have  hopper  capacities  of  from  500  to  2000  cu  yd.  During 
dredging  operations,  hopper  dredges  travel  at  a  ground  speed  of  from  2  to 
3  mph  and  can  dredge  in  water  depths  from  about  10  to  over  80  ft.  Minimum 
dredging  depth  is  limited  by  the  draft  of  the  dredge.  They  are  equipped  with 
twin  propellers  and  twin  rudders  to  provide  the  required  maneuverability. 

Track  plotting  surveying  equipment  can  be  placed  aboard  for  exact  positioning 
of  the  dredge. 

Hopper  dredging  is  accomplished  by  one  of  three  methods:  (a)  pumping 
past  overflow;  (b)  agitation  dredging;  and  (c)  pumping  to  overflow.  The  use 
of  these  methods  is  controlled  to  various  degrees  by  environmental  concerns 
and  the  water  quality  certification  permits  required  in  the  area  in  which 
dredging  is  being  accomplished.  The  environmental  effects  of  these  methods 
must  be  assessed  on  a  project-by-project  basis.  If  the  material  being  dredged 
is  clean  sand,  the  percentage  of  solids  in  the  overflow  will  be  small  and 


Figure  2.2.  Hopper  dredge  California  draghead  (top  view) 


Figure  2.3.  Schematic  of  hopper  dredge  California  draghead  (side  view) 


economic  loading  may  be  achieved  by  pumping  past  overflow.  When  contaminated 
sediment  Is  to  be  dredged,  however,  and  adverse  environmental  effects  have 
been  Identified,  pumping  past  overflow  Is  not  recommended.  In  such  cases, 
other  types  of  dredges  may  be  more  suitable  for  removing  the  contaminated 
sediment  from  the  channel  prism.  If  hopper  dredges  are  not  allowed  to  pump 
past  overflow  In  sediment  that  has  good  settling  properties,  the  cost  of 
dredging  increases.  The  settling  properties  of  silt  and  clay  sediment  may  be 
such  that  only  a  minimal  load  Increase  would  be  achieved  by  pumping  past  over¬ 
flow.  Economic  loading  (i.e,  ,  the  pumping  time  required  for  maximum  produc¬ 
tion  of  the  hopper  dredge)  should  be  determined  for  each  project.  These 
determinations,  along  with  environmental  considerations,  should  be  used  to 
establish  the  operation  procedures  for  the  hopper  dredge. 

Agitation  dredging  Is  a  process  which  Intentionally  discharges  overboard 
large  quantities  of  fine-grained  dredged  material  by  pumping  past  overflow, 
under  the  assumption  that  a  major  portion  of  the  sediment  passing  through  the 
weir  overflow  will  be  transported  and  permanently  deposited  outside  the  chan¬ 
nel  prism  by  tidal,  river,  or  littoral  currents.  Agitation  dredging  by  its 
very  nature  creates  large  amounts  of  suspended  sediment  and  should  not  be  used 
when  these  concentrations  could  create  an  environmental  problem. 

The  dredge  will  usually  operate  near  the  edge  of  the  channel  using  Its 
own  power  to  stay  in  the  dredging  area.  Dredging  Is  accomplished  by  repeti¬ 
tive  passes  over  the  area  to  be  dredged,  each  pass  removing  inches  of  surface 
material.  The  draghead  is  moved  along  the  channel  bottom  as  the  vessel  moves 
forward.  The  dredged  material  is  sucked  up  through  the  drag  pipe  and 
deposited  in  the  hoppers  of  the  vessel  where  it  settles.  As  the  hopper  is 
filled,  overflow  water  is  usually  discharged  at  the  site  of  dredging.  Once 
loaded,  hopper  dredges  cease  dredging  and  move  to  the  disposal  site  to  unload. 
The  hopper  is  considered  to  be  full  once  an  economic  load  has  been  achieved. 
The  economic  load  is  based  on  the  pumping  time  required  to  obtain  the  least 
cost  per  cu  yd  of  solids  dredged  and  discharged.  It  considers  pumping  and 
nonpumping  times  (travel  to  disposal  site  and  back)  of  the  entire  dredging 
cycle  and  considers  only  solids  (suspended  and  settleable)  that  make  it  to  the 
disposal  site  (not  overflow  loss).  Usually  the  economic  load,  which  will  vary 
by  equipment,  disposal  site  location,  and  sediment  characteristics,  is 


specified  as  a  maximum  overflow  pumping  time  that  allows  the  greatest  possible 
amount  of  dredged  material  to  settle  in  the  hopper.  For  some  exclusively 
fine-grained  materials  which  may  remain  In  a  slurry,  the  economic  load  may  not 
require  overflow  pumping. 

Hopper  dredges  can  be  used  to  transport  dredged  materials  greater  dis¬ 
tances  than  pipeline  dredges.  Hopper  dredges,  though  not  precise  in  dredging 
location  (horizontal  accuracy  often  cannot  be  controlled  to  less  than  a  10-feet 
tolerance),  can  remove  a  few  inches  of  contaminated  materials  from  the  bottom 
with  each  pass.  They  can  dredge  shoals  that  slope  or  vary  in  elevation.  Few 
other  types  of  dredges  are  capable  of  doing  this.  However,  the  hopper  dredge 
cannot  dredge  effectively  along  piers  or  near  structures.  Hopper  dredges  are 
often  the  most  economical  type  of  dredge  to  use  where  disposal  areas  are  not 
available  within  economical  pumping  distances  of  hydraulic  pipeline  dredges. 

The  hopper  dredge  provides  self-contained  storage  of  dredged  material  which 
eliminates  the  need  for  separate  barge,  scow,  or  pipeline. 

Modification  of  hopper  dredges  to  collect  gases  from  the  degasser  system 
and  shrouding  of  the  hopper  bln  to  capture  gases  discharged  from  the  pipe  are 
potential  dredge  modifications  that  could  be  used  to  reduce  loss  of  volatile 
contaminants  during  dredging.  These  modifications  have  not  been  attempted  to 
date. 

The  hopper  dredge  can  be  mobilized  and  initiate  dredging  In  a  relatively 
short  period  of  time.  Hopper  dredges  have  excellent  maneuverability  and  can 
work  effectively  In  congested  harbors. 

Cutterhead  Dredges.  The  hydraulic  pipeline  cutterhead  suction  dredge  Is 
the  most  commonly  used  dredging  plant  and  Is  generally  the  most  efficient  and 
versatile  (Fig.  2.4).  It  performs  the  major  portion  of  the  dredging  workload 
In  the  United  States  and  Pacific  Northwest.  Because  it  Is  equipped  with  a 
rotating  cutter  apparatus  surrounding  the  intake  end  of  the  suction  pipe,  it 
can  efficiently  dig  and  pump  all  types  of  alluvial  materials  and  compacted 
deposits,  such  as  clay  and  hardpan.  This  dredge  has  the  capability  of  pumping 
dredged  material  long  distances  to  upland  disposal  areas.  Although  the  cut¬ 
terhead  dredge  was  developed  to  loosen  densely  packed  deposits  and  cut  through 
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Figure  2.4.  Typical  components  of  a  pipeline  cutterhead  dredge 

soft  rock,  it  can  excavate  a  wide  range  of  materials  Including  clay,  silt, 
sand,  and  gravel.  The  cutterhead  dredge  is  suitable  for  maintaining  harbors, 
canals,  and  outlet  channels  where  wave  heights  are  not  excessive.  A  cutter¬ 
head  dredge  designed  to  operate  in  calm  water  cannot  operate  offshore  in  waves 
over  2-3  ft  in  height:  the  cutterhead  would  be  forced  into  the  sediment  by 
wave  action  creating  excessive  shock  loads  on  the  ladder.  However,  a  cutter¬ 
head  dredge  specifically  designed  to  operate  offshore  can  operate  in  waves  up 
to  about  6  ft. 

Because  it  is  the  basic  dredge  type  to  which  many  of  the  contaminant 
related  modifications  have  been  applied,  a  detailed  explanation  of  the 
hydraulic  dredge  and  its  components  is  given.  It  has  the  advantage  of  being 
able  to  excavate  materials,  move  them  hydraulically,  and  dispose  of  them  with¬ 
out  rehandling.  These  dredges  are  generally  classified  by  size  in  accordance 
with  the  diameter  of  the  discharge  pipeline:  small-class  pipeline  dredges 
have  a  4-  to  14-ln.  discharge;  medium-class  pipeline  dredges  have  a  16-  to 
22-ln.  discharge;  and  large-class  pipeline  dredges  have  a  24-  to  36-in.  dis¬ 
charge.  Typical  specifications  for  five  sizes  of  pipeline  dredges  are  shown 
in  Table  2.1,  which  was  adapted  from  Houston  (1970). 
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Table  2.1 

deal  Specifications  for  Five  Sizes  of  Pipeline  Dredges* 


Size  of  Discharge  Pipe,  In. 


Length,  ft 
Beam,  ft 
Depth,  ft 

Displacement ,  tons 

Pump  power,  brake 
horsepower 

Pump  speed,  revolutions 
per  minute 

Cutter  power,  brake 
horsepower 

Cutter  speed,  revolutions 
per  minute 

Spud  length,  ft 

Ladder  length,  ft 

Maximum  pipeline,  ft 

Maximum  width  of  cut,  ft 

Mamlmum  width  of  cut,  ft 

Maximum  digging  depth,  ft 

Minimum  digging  depth,  ft 


*  Adapted  from  Huston  1970. 

Figure  2. A  shows  the  major  components  of  a  pipeline  cutterhead  dredge. 
These  components  consist  of  a  cutterhead  on  the  end  of  a  suction  pipeline,  a 
ladder  structure  supporting  the  suction  pipeline  and  cutterhead,  support 
frames  (A  and  H)  for  the  ladder,  hoisting  equipment,  main  pump  and  main 
engine,  the  spud  and  support  gantry,  and  a  floating  discharge  pipeline. 
Figures  2.5  and  2.6  show  the  forward  components  of  the  cutterhead  dredge  and 
the  spud  gantry,  respectively. 


The  cutterhead  is  the  most  forward  component  of  the  dredge.  It  is  basket 
shaped,  with  spiral  blades  forming  the  sides  of  the  baskets  as  shown  in 


Figure  2.5.  Forward  components  of  a  pipeline  cutterhead  dredge 

Figures  2.7  and  2.8.  It  rotates  slowly  at  a  speed  of  5  to  30  revolutions  per 
minute  (rpm)  loosening  materials  to  be  dredged  with  the  blades. 

A  secondary  purpose  of  the  cutter  is  to  prevent  large  debris  from  enter¬ 
ing  or  plugging  the  intake  pipe.  Cutter  diameters  vary  from  less  than  2  ft 
for  a  small  dredge  and  up  to  10  ft  for  a  large  dredge.  The  many  types  of  cut- 
terheads  and  modifications  to  cutters  allow  efficient  dredging  of  all  types  of 
materials.  Pick-type  teeth  can  be  added  to  facilitate  dredging  in  hard-packed 
materials,  coral,  and  soft  rock. 

The  ladder  is  a  heavy  triangular  steel  frame  extending  forward  from  the 
hull.  The  dredge  cutter  is  attached  to  the  forward  end  the  ladder.  Winch 
gear  attached  to  the  A-frame  raises  or  lowers  the  cutter  end  of  the  ladder. 

The  suction  pipe  runs  from  the  center  of  the  cutterhead  through  the  ladder  to 


*  w 


Figure  2.6.  Pipeline  cut 


the  dredge  pump.  Suction  diameters  are  usually  equal  to  or  slightly  larger 
than  the  dredge  discharge  pipeline  diameter. 

The  main  dredge  pump  Is  located  forward  In  the  hull  of  the  dredge  at  the 
lowest  possible  elevation.  This  low  elevation  reduces  the  distance  the  dredge 
must  lift  the  slurry  under  vacuum  conditions.  The  dredge  pump  has  a  height  of 
approximately  four  times  the  discharge  pipe  diameter  and  a  vaned  impeller 
rotating  between  250  rpm  (for  small  dredges)  to  900  rpm  (for  large  dredges). 
The  rotating  vaned  Impeller  centrifugally  forces  the  dredged  slurry  to  the 
outer  circumference  of  the  dredge  pump  shell  where  it  enters  the  discharge 
line  at  pressures  of  50  to  300  pounds  per  square  inch  (psi). 

The  cutterhead  dredge  Is  generally  equipped  with  two  stern  spuds  used  to 
hold  the  dredge  in  working  position  and  to  advance  the  dredge  Into  the  cut  or 
excavating  area.  During  operation,  the  cutterhead  dredge  swings  from  side  to 
side  alternately  using  the  port  and  starboard  spuds  as  a  pivot,  as  shown  in 
Figure  2.9.  Cables  attached  to  anchors  on  each  side  of  the  dredge  control 
lateral  movement.  Forward  movement  Is  achieved  by  lowering  the  starboard  spud 
after  the  port  swing  Is  made  and  then  raising  the  port  spud.  The  dredge  is 

then  swung  back  to  the  starboard  side  of  the  cut  centerline.  The  port  spud  Is 

lowered  and  the  starboard  spud  lifted  to  advance  the  dredge. 

Excavated  material  Is  pumped  through  the  discharge  pipe  to  the  disposal 
site.  Open-water  disposal  requires  only  a  floating  discharge  pipeline  made  up 
of  sections  of  pipe  mounted  on  pontoons  and  held  in  pla^e-  l-y  anchors.  Addi¬ 
tional  sections  of  shore  pipeline  are  required  when  upland  disposal  is  used. 
The  excavated  material  may  be  placed  in  hopper  barges  for  disposal  in  open 
water  or  In  confined  areas  that  are  remote  from  the  dredging  site.  Depending 
on  the  size  of  the  dredge  and  the  physical  character  of  the  material,  pipeline 
transport  distances  can  range  up  to  about  2  miles.  Transportation  beyond  that 
point  usually  requires  another  pump  to  boost  the  slurry  along.  Distances  less 
than  2  miles  may  require  booster  pumps  or  coarse  sediments,  with  small 

dredges,  and  to  dispose  in  sites  that  are  elevated  in  relation  to  the  dredge 

(1  ft  of  vertical  discharge  pumping  is  approximately  equal  to  200  ft  of  hori¬ 
zontal  pumping  distance). 


Figure  2.9.  Cutterhead  dredge  -  plan  view 


Cutterhead  dredges  in  pipeline  diameters  from  8  through  27  in.  are 
readily  available  in  the  Pacific  Northwest.  Table  2.2  shows  specifications 
for  typical  cutterhead  dredges  working  in  the  Commencement  Bay  area.  The 
minimum  depth  of  single  pass  excavation  would  be  approximately  the  same  as 
onehalf  the  pipeline  diameter.  Production  (Prod.)  for  minimum  depth  pass 
excavation  can  be  calculated  from  the  table  as  follows: 


Prod.  (Min.  Pass) 


(1/2  X  Discharge  Diameter)  ^ 

- - r - ■  ■  '  ° - = - — ; — r  x  Prod.  (Max.  Pass) 

(Maximum  Depth  Pass  Excavation) 


Actual  vertical  precision  of  the  cut  is  often  limited  by  the  mechanical 
control  of  the  ladder  and  suction  head  to  approximately  1  ft. 


Cutterhead  dredges  can  excavate  a  range  of  material  normally  found  in 
harbor  dredging  projects  (except  where  old  piers  and  piling  may  be 


Table  2.2 

Specifications  for  Typical  Cutterhead  Dredges 
Working  In  Conmencement  Bay  Area 


Pipeline 


Diameter 

Dredge  Pumps 

In. 

H.P. 

Size,  In. 

Drive 

6 

175 

8 

Diesel 

8 

175 

8 

Diesel 

10 

335 

12 

Diesel 

12 

520 

14 

Diesel 

14 

520 

16 

Diesel 

16 

1,125 

18 

Diesel 

20 

1,700 

24 

Diesel 

24 

2,250 

24 

Diesel 

30 

3,600 

30 

Diesel 

Production 

Rate 

cu  yd/hr 

Maximum 

Dredging 

Depth 

ft 

Maximum 
Single  Pass 
Excavation 
In. 

71 

12 

18 

79 

12 

18 

225 

25 

18 

405 

25 

18 

525 

25 

21 

656 

40 

21 

1,024 

50 

24 

1,211 

50 

30 

1,875 

50 

36 

encountered)  and  pump  the  dredged  material  through  pipelines  to  an  upland, 
nearshore,  or  open-water  disposal  site  without  rehandling.  This  minimizes 
handling  of,  and  exposure  to,  contaminated  dredged  material. 

Most  available  cutterhead  dredges  have  limited  capacity  for  dredging 
deeper  than  50  ft  below  water  level.  Dredge  ladder  modifications  would  be 
required  to  dredge  In  deeper  water.  Conventional  cutterhead  dredges  are  not 
self  propelled  but  require  towboats  to  move  them  between  dredging  locations. 
Thus,  mobilization  and  set  up  are  major  and  costly  undertakings. 

Concentrations  of  suspended  sediments  from  a  cutterhead  dredging  opera¬ 
tion  range  from  200  to  300  mg/il  near  the  cutterhead  to  a  few  mg/Z  one  to  two 
thousand  feet  from  the  dredge.  The  suspended  solids  plume  is  usually  con¬ 
tained  in  the  lower  portion  of  the  water  column.  The  plume  is  generated  by 
the  rotational  speed  of  the  cutter,  the  swing  speed  of  the  cutter,  and  the 
depth  of  burial  of  the  cutter  below  the  sediment  surface. 

Suction  Dredges.  The  suction  dredge  Is  a  pipeline  cutterhead  dredge  with 
the  cutterhead  removed  (Figure  2.10).  Many  times  skid  plates  under  the  ladder 
and  a  vertical  elbow  on  the  suction  are  added  to  Improve  operations.  The 


Figure  2.10.  Plain  suction  dredge 

operations t  production  rates,  and  dredging  depths  for  the  suction  dredge  are 
comparable  to  those  for  the  cutterhead  pipeline  dredge. 

Suction  dredges  generate  low  levels  of  turbidity.  However,  they  are  lim¬ 
ited  to  dredging  soft,  free-flowing,  and  unconsolidated  material.  Trash, 
logs,  and  other  debris  in  the  dredge  material  will  clog  the  suction  and 
greatly  reduce  the  effectiveness  of  the  dredge. 

Dustpan  Dredges.  The  dustpan  dredge  is  a  hydraulic  suction  dredge  that 
uses  a  widely  flared  dredging  head  along  which  are  mounted  pressure  water  jets 
(Fig.  2.11).  The  jets  loosen  and  agitate  the  sediment,  which  is  then  captured 
in  the  dustpan  head  as  the  dredge  Itself  is  winched  forward  into  the  excava¬ 
tion.  This  type  of  dredge  was  developed  by  the  Corps  of  Engineers  to  maintain 
navigation  channels  in  uncontrolled  rivers  with  bedloads  consisting  primarily 
of  sand  and  gravel.  The  first  dustpan  dredge  was  developed  to  maintain  navi¬ 
gation  on  the  Mississippi  River  during  low  river  stages.  A  dredge  was  needed 
that  could  operate  in  shallow  water  and  be  large  enough  to  excavate  the  navi¬ 
gation  channel  in  a  reasonably  short  time.  The  dustpan  dredge  operates  with  a 
low-head  high-capacity  centrifugal  pump  since  the  material  has  to  be  raised 
only  a  few  feet  above  the  water  surface  and  pumped  a  short  distance.  The 
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Figure  2.11a.  Illustration  of  dustpan  dredge 


Figure  2.11b.  Schematic  of  dustpan  dredge 


dredged  material  is  normally  discharged  Into  open  water  adjacent  to  the  navl- 
gatlon  channel  through  a  pipeline  usually  only  800  to  1000  ft  long. 

Dustpan  dredges  generate  suspended  solids  plumes  similar  to,  or  in 
greater  concentration,  than  those  generated  by  cutterhead  dredges.  Because  of 
this,  their  relatively  short  pumping  distance  and  their  lack  of  efficiency  In 
fine-grained  material,  dustpan  dredges  are  not  recommended  for  sites  where 
turbidity  must  be  controlled. 

Dipper  Dredges.  The  dipper  dredge  Is  basically  a  barge-mounted  power 
shovel.  It  Is  equipped  with  a  power-driven  ladder  structure  and  operated  from 
a  barge-type  hull.  A  schematic  drawing  of  the  dipper  dredge  is  shown  in 
Fig.  2.12.  A  bucket  is  firmly  attached  to  the  ladder  structure  and  is  forc¬ 
ibly  thrust  into  the  material  to  be  removed. 

Dipper  dredges  are  best  used  for  excavating  hard  compacted  materials, 
rock,  or  other  solid  materials  after  blasting.  Although  it  can  be  used  to 
remove  most  bottom  sediment,  the  violent  action  of  this  type  of  equipment  may 
cause  considerable  sediment  disturbance  and  resuspension  during  maintenance 
digging  of  fine-grained  material.  In  addition,  a  significant  loss  of  the 
fine-grained  material  will  occur  from  the  bucket  during  the  hoisting  process. 

The  dipper  dredge  is  not  recommended  for  use  In  dredging  contaminated  sediment 
or  where  resuspension  of  sediment  must  be  controlled. 

Bucket  Dredges.  The  bucket  type  of  dredge  Is  so  named  because  it  uti¬ 
lizes  a  bucket  to  excavate  the  material  to  be  dredged  (Fig.  2.13).  Different 
types  of  buckets  can  fulfill  various  types  of  dredging  requirements.  The 
buckets  used  Include  the  clamshell,  orange-peel,  and  dragline  types  and  can  be 
quickly  changed  to  suit  the  operational  requirements.  The  vessel  can  be  posi¬ 
tioned  and  moved  within  a  limited  area  using  only  anchors;  however,  in  most 
cases  anchors  and  spuds  are  used  to  position  and  move  bucket  dredges.  The 
material  excavated  is  placed  in  scows  or  hopper  barges  that  are  towed  to  the 
disposal  area.  Bucket  dredges  normally  range  In  capacity  from  1  to  25  cu  yd. 

The  crane  Is  mounted  on  a  flat-bottomed  barge,  on  fixed-shore  Installations, 
or  on  a  crawler  mount.  Twenty  to  thirty  cycles  per  hour  is  typical,  but  large 
variations  exist  In  production  rates  because  of  the  variability  In  depths  and  St'- 
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materials  being  excavated.  The  effective  working  depth  Is  limited  to  about 
100  ft. 


Bucket  dredges  may  be  used  to  excavate  most  types  of  material  except  for 
the  most  cohesive  consolidated  sediment  and  solid  rock.  Bucket  dredges  usu¬ 
ally  excavate  a  heaped  bucket  of  material,  but,  during  hoisting,  turbulence 
washes  away  part  of  the  load.  Once  the  bucket  clears  the  water  surface,  addi¬ 
tional  losses  may  occur  through  rapid  drainage  of  entrapped  water  and  slumping 
of  the  material  heaped  above  the  rim.  Loss  of  material  Is  also  influenced  by 
the  fit  and  condition  of  the  bucket,  the  hoisting  speed,  and  the  properties  of 
the  sediment.  Even  under  ideal  conditions,  substantial  losses  of  loose  and 
fine  sediment  will  usually  occur.  Because  of  this,  special  buckets  must  be 
used  If  the  bucket  dredge  Is  considered  for  use  In  dredging  contaminated  sedi¬ 
ment.  To  minimize  the  turbidity  generated  by  a  clamshell  operation,  water¬ 
tight  buckets  have  been  developed  (Fig.  2.14).  The  edges  seal  when  the  bucket 
Is  closed  and  the  top  Is  covered  to  minimize  loss  of  dredged  material.  Avail¬ 
able  sizes  of  enclosed  buckets  range  from  1  to  25  cu  yd.  These  buckets  are 
best  adapted  for  maintenance  dredging  of  fine-grained  material.  A  direct  com¬ 
parison  of  1.3  cu-yd  typical  clamshell  and  watertight  clamshell  operations 
indicated  that  watertight  buckets  generate  30  to  70  percent  less  turbidity  in 
the  water  column  than  typical  buckets.  This  reduction  is  probably  due  pri¬ 
marily  to  the  fact  that  leakage  of  dredged  material  from  watertight  buckets  is 
reduced  by  approximately  35  percent.  The  bucket  dredge  is  effective  while 
working  near  bridges,  docks,  wharves,  pipelines,  piers,  or  breakwater  struc¬ 
tures  because  it  does  not  require  much  area  to  maneuver;  there  is  little 
danger  of  damaging  the  structures  because  the  dredging  process  can  be  con¬ 
trolled  accurately. 

Special-Purpose  Dredges.  Special-purpose  dredging  systems  have  been 
developing  during  the  last  few  years  in  the  United  States  and  overseas  to  pump 
dredged  material  slurry  with  a  high  solids  content  and/or  to  minimize  the 
resuspension  of  sediment.  Most  of  these  systems  are  not  Intended  for  use  on 
typical  maintenance  operations;  however,  they  may  provide  alternative  methods 
for  unusual  dredging  projects  such  as  in  contaminated  sediments.  The  special- 
purpose  dredges  that  appear  to  have  the  most  potential  In  limiting  resuspen- 
slon  are  presented  in  Table  2.3  and  reviewed  in  the  following  paragraphs. 


Table  2.3 

Suspended  Sediment  Levels  Produced  by  Various  Special-Purpose  Dredges 

Name  of  Dredge  _ Suspended  Sediment  Level _ 

Mud  Cat  Dredge  5  ft  from  auger,  1000  mg/£  near  bottom  (background 

level  500  mg/i) 

5  to  12  ft  In  front  of  auger,  200  mg/£  surface  and 
middepth  (background  level  40  to  65  mg/l) 


Pneuma  Pump 


48  mg/l  3  ft  above  bottom 


4  mg/£  23  ft  above  bottom  (16  feet  in  front  of  pump) 
Cleanup  System  1.1  to  7.0  mg/il  above  suction 

1.7  to  3.5  mg/SL  at  surface 

Oozer  Pump  6  mg/J.  (background  level)  10  ft  from  head 


Refresher  System 


4  to  23  mg/£  at  10  ft  from  head 


Pneuma  pump.  The  Pneuma  system  was  the  first  dredging  system  to  use 
compressed  air  instead  of  centrifugal  motion  to  pump  slurry  through  a  pipe¬ 
line.  It  has  been  used  extensively  in  Europe  and  Japan.  The  operation  prin¬ 
ciple  is  Illustrated  in  Fig.  2.15.  During  the  dredging  process,  the  pump  is 
submerged  and  sediment  and  water  are  forced  into  one  of  the  empty  cylinders 
through  an  inlet  valve.  After  the  cylinder  is  filled,  compressed  air  is  sup¬ 
plied  to  the  cylinder,  forcing  the  water  out  through  an  outlet  valve.  When 
the  cylinder  is  almost  empty,  air  is  released  to  the  atmosphere,  thus  produc¬ 
ing  atmospheric  pressure  in  the  cylinder.  A  pressure  difference  occurs 
between  the  inside  and  outside  of  the  cylinders,  creating  a  suction  that 
forces  the  sediment  into  the  cylinder.  When  the  cylinder  is  filled  with  sed- 
Iment,  compressed  air  is  again  pumped  into  the  cylinder  to  expel  the  sediment 

2.25 


FILLING  PHASE 
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Figure  2.15,  Operating  cycle  of  Pneuma  Pump 

from  the  cylinder.  The  capacity  of  a  large  plant  Is  2600  cu  yd/hr.  The  sys¬ 
tem  has  been  used  In  water  depths  of  150  ft;  however,  500-ft  depths  are  theo¬ 
retically  possible. 

Field  tests  on  a  Pneuma  model  600/100  were  conducted  by  Waterways 
Experiment  Station  (WES)  (Richardson  et  al.  1982).  The  results  of  turbidity 
monitoring,  although  not  definitive,  seemed  to  support  the  manufacturer's 
claim  that  the  Pneuma  pump  generates  a  low  level  of  turbidity  when  operated  In 
loosely  consolidated  fine-grained  sediment.  It  was  also  found  that  the  Pneuma 
pump  was  able  to  dredge  at  almost  in-situ  density  in  loosely  compacted  silty 
clay  typical  of  many  estuarine  sediment.  The  Pneuma  pump,  however,  was  not 
able  to  dredge  sand  at  in-sltu  density  and  the  efficiency  of  the  dredge  was 
consistently  below  20  percent. 

The  only  Pneuma-type  dredge  available  in  the  United  States  at  this 
time  Is  operated  by  Namtex  Corporation  of  Chicago,  Illinois.  The  Pneuma  sys- 
:em  Is  crane  supported  and  thus  can  be  operated  In  confined  areas  using  var- 
ous  structural  mounts.  It  dismantles  easily  for  truck  or  air  transport  and 


can  be  operated  in  most  water  depths.  Cables  and  pipelines  used  for  the  sys¬ 
tem  will  create  temporary  obstructions  to  navigation. 


Clean-Up  system.  To  avoid  resuspension  of  sediment,  Toa  Harbor 
Works  of  Japan  developed  a  unique  Clean-Up  System  for  dredging  highly  con¬ 
taminated  sediment  (Sato  1976).  The  Clean-Up  head  consists  of  an  auger  that 
collects  sediment  as  the  dredge  swings  back  and  forth,  and  a  shield  that 
guides  the  sediment  towards  the  suction  of  a  submerged  centrifugal  pump 
(Fig.  2.16).  To  minimize  sediment  resuspension,  the  auger  is  covered  and  a 
movable  wing  covers  the  sediment  as  it  is  being  collected  by  the  auger.  Sonar 
devices  indicate  the  elevation  of  the  bottom.  An  underwater  television  camera 
is  used  to  show  the  material  being  resuspended  during  a  dredging  operation. 
Suspended  sediment  concentrations  around  the  Clean-Up  System  ranged  from  1.7 
to  3.5  mg/i  at  the  surface  to  1.1  to  7.0  mg/l  at  10  ft  above  the  suction 
equipment,  relative  to  the  background  near-surface  levels  of  less  than 
4.0  mg/i  (Herblch  and  Brahme  in  press). 

Oozer  pump.  The  Oozer  pump  was  developed  by  Toyo  Construction  Com¬ 
pany,  Japan.  The  pump  operates  in  a  manner  similar  to  the  Pneuma  pump  system; 
however,  there  are  two  cylinders  (Instead  of  three)  and  a  vacuum  is  applied 
during  the  cylinder-filling  stage  to  achieve  more  rapid  filling  of  the  cylin¬ 
ders.  The  pump  is  usually  mounted  on  a  dredge  ladder  and  is  equipped  with 
special  suction  and  cutter  heads  depending  on  the  type  of  material  being 
dredged.  Dredging  depth  is  only  limited  by  ladder  depth.  The  conditions 
around  the  dredging  system,  such  as  the  thickness  of  the  sediment  being 
dredged,  the  bottom  elevation  after  dredging,  and  the  amount  of  resuspension, 
are  monitored  by  high-frequency  acoustic  sensors  and  an  underwater  television 
camera.  A  large  Oozer  pump  has  a  dredging  capacity  ranging  from  400  to  650  cu 
yd/hr.  Producing  a  slurry  of  up  to  80  percent  of  in  situ  density.  During  one 
dredging  operation,  suspended  solids  levels  within  10  ft  of  the  dredging  head 
were  all  within  background  concentrations  of  less  than  6  mg/£  (Herbich  and 
Brahme  in  press). 

Refresher  system.  Another  system  recently  developed  in  Japan  is  the 
Refresher  system.  This  system  is  an  effort  to  modify  the  cutterhead  hydraulic 
dredge.  The  Refresher  uses  a  helical  shaped  gather  head  to  feed  the  sediments 
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Figure  2.16.  Schematic  of  Japanese  Clean-Up  dredge  system 


into  the  suction,  with  a  cover  over  the  head  to  reduce  resuspension 
(Fig.  2.17).  The  Refresher  also  uses  an  articulated  dredge  ladder  to  keep  the 
head  level  to  the  bottom  over  a  wide  range  of  dredging  depths.  During  several 
tests  In  similar  material,  the  Refresher  system  produced  suspended  sediment 
levels  of  from  4  to  23  mg/£  within  10  ft  of  the  dredge  head  as  compared  to 
200  mg/i.  with  a  conventional  cutterhead  dredge.  Production  for  the  cutterhead 
(26-in.  discharge)  was  800  cu  yd/hr  while  production  with  the  Refresher  system 
(I  7-in.  discharge)  was  350  cu  yd/hr.  The  researchers  felt  that  the  Refresher 
svstera  produced  one-fiftieth  of  the  total  resuspension  produced  by  the  opera¬ 
tion  of  a  cutterhead  dredge  (Kaneko  et  al.  1984). 

Mud  Cat.  The  Mud  Cat  is  a  relatively  small  portable  hydraulic 
dredge  designed  for  projects  where  a  50-  to  1 20-cu  yd/hr  discharge  rate  is 
sufficient.  Instead  of  the  conventional  cutter,  the  Mud  Cat  has  a  horizontal 
V  :rrtrh-ul  equipped  with  cutter  knives  and  a  spiral  auger  that  cuts  the  mate¬ 
rial  and  moves  it  laterally  toward  the  center  of  the  auger  where  it  is  picked 
uD  by  the  suction  (Fig.  2.18).  This  cutter  can  remove  a  layer  of  material 
8  ft  wide  and  1.5  ft  thick  from  water  depths  of  2.0  to  15  ft  leaving  the 
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A.  FRONT  VIEW 


Figure  2.17.  Front  and  side  view  of  Japanese  Refresher  dredge 
system  (Kaneki,  Watarl,  and  Arltonl  1984) 


Figure  2.18.  Mud  Cat  dredge 

dredged  bottom  flat  and  free  of  the  windrows  that  are  characteristic  of  the 
typical  cutterhead  dredging  operation. 

By  covering  the  cutter/auger  combination  with  a  retractable  mud 
shield,  the  amount  of  turbidity  generated  by  the  Mud  Cat's  operation  can  be 
minimized.  During  a  monitored  operation,  near-bottom  suspended  solids  concen¬ 
trations  5.0  ft  from  the  auger  were  usually  slightly  greater  than  1000  mg/i, 
relative  to  near-bottom  background  concentrations  of  500  mg/;..  Surface  and 
middepth  concentrations  measured  5.0  to  12  ft  in  front  of  the  auger  were  typi¬ 
cally  less  than  200  mg/;  above  background  values  of  40  to  65  mg/;.  In  gen¬ 
era',  the  turbidity  plume  was  confined  to  within  20  ft  of  the  dredge  (Nawrockl 
:9  7/o. 
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Waterless  dredge.  The  waterless  dredge  Is  a  recently  developed 
dredging  system  where  the  cutter  and  a  submerged  centrifugal  pump  are  enclosed 
within  a  half-cylindrical  shroud.  By  forcing  the  cutterhead  into  the  mate¬ 
rial,  the  cutting  blades  remove  the  material  near  the  front  of  the  cutterhead 
with  little  entrainment  of  carrier  water.  According  to  the  manufacturer,  this 
system  apparently  is  capable  of  pumping  slurry  with  a  solids  content  of  30  to 
50  percent  by  weight  with  little  generation  of  turbidity.  Dredge  (pipeline) 
sizes  range  from  6  to  12  in. 

Delta  dredge.  The  delta  dredge  was  developed  as  a  small  portable 
dredge  that  apparently  removes  material  at  a  high  solids  concentration  using  a 
submerged  12-ln.  pump  coupled  with  two  counter-rotating  low-speed  reversible 
cutters  (Fig.  2.19).  According  to  the  manufacturer,  this  equipment  is  capable 
of  making  a  relatively  shallow  7.5-ft  wide  cut  without  disturbing  the  sur¬ 
rounding  material.  For  this  reason,  turbidity  levels  in  the  vicinity  of  the 
cutterhead  are  apparently  low  (Delta  Dredge  1977). 

Bucket  wheel  dredge.  The  bucket  wheel  dredge  is  a  unique  bucket 
wheel  excavator  (Fig.  2.20)  developed  to  improve  the  efficiency  of  the  cutting 
operation.  Because  the  cutting  force  is  concentrated  on  a  much  shorter  cut¬ 
ting  edge,  the  bucket  wheel  has  the  capability  of  efficiently  digging  highly 
consolidated  material.  In  addition,  the  material  is  force  fed  to  the  suction 
as  the  wheel  turns,  making  it  possible  to  control  the  solids  content  of  the 
dredged  material  slurry  by  varying  the  rotation  speed  of  the  wheel.  Theoret¬ 
ically,  this  bucket  wheel  not  only  accurately  digs  to  prescribed  level,  but 
also  maximizes  the  pickup  of  the  excavated  material  (Turner  1979).  By  maxi¬ 
mizing  the  disturbed  sediment  pickup,  the  bucket  wheel  dredge  may  produce  less 
turbidity  than  the  clamshell  or  cutter  suction  dredges. 

Ooze  Dredge.  In  recent  years,  in  an  effort  to  clean  up  the  water 
environment,  the  Japanese  have  developed  a  new  dredge  called  Ooze  Dredge, 
which  is  capable  of  removing  ooze  deposited  at  the  bottom  of  the  rivers, 
lakes,  harbors,  bays,  etc.  (Noguchi  et  al.  1980).  An  ooze-dredging  apparatus 
called  "Drex"  consisting  of  a  suction  mouth  and  a  device  moving  the  mouth  back 
and  forth  was  later  developed  (Fig.  2.21).  The  Ooze  dredge  maintains  high 
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Figure  2.21.  Schematic  sketch  of  ooze  dredging  apparatus 


solids  concentrations  in  the  exit  pipe  while  generating  little  turbidity  in 
the  dredging  vicinity. 


Match  box  suction  head  dredge.  To  dredge  highly  contaminated  sedi¬ 
ments  in  the  Rotterdam  harbor,  Volker  Stevin  Dredging  developed  the  match  box 
suction  head  dredge  (Fig.  2.22)  (d'Angemond  et  al.  1984).  The  suction  head 
was  designed  to  dredge  silt  as  close  to  in  situ  density  as  possible,  keep 
resuspension  to  a  minimum  while  dredging  layers  of  various  thickness,  and 
operate  with  restricted  maneuverability.  To  keep  resuspension  to  a  minimum 
all  cutter  and  waterjet  devices  commonly  found  on  dredgeheads  were  avoided. 


Several  innovative  design  features  were  incorporated  into  the  match 
box  dredgehead  construction.  These  design  features  Include: 


a.  A  plate  that  covers  the  top  of  the  draghead  to  contain  escaping  gas 


bubbles  and  avoid  the  Influx  of  water. 
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the  material  being  dredged  is  clean  sand,  the  percentage  of  solids  in  the 
overflow  will  be  small  and  economic  loading  may  be  achieved  by  pumping  past 
overflow.  In  the  case  of  fine-grained  material,  the  settling  properties  of 
silt  and  clay  sediment  may  be  such  that  only  a  minimal  load  Increase  would  be 
achieved  by  pumping  past  overflow.  When  contaminated  sediment  is  to  be 
dredged  and  adverse  environmental  effects  have  been  identified,  pumping  past 
overflow  is  not  recommended. 


A 
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The  hopper  dredging  of  contaminated  material  may  be  restricted  by  pumping 
or  loading  the  hopper  bins  with  dredge  slurry  and  not  allowing  overflow.  This 
would  result  in  a  load  that  would  be  approximately  80  percent  water  and  20 
percent  sediment  for  the  silty  sand  found  in  Commencement  Bay.  This  compares 
to  an  average  of  70  percent  sediment  using  an  economic  load.  The  rate  of 
solids  loss  in  the  overflow  (which  may  determine  if  overflow  Is  acceptable) 
will  vary  with  amount  of  water  In  the  hoppar,  hopper  capacity  and  drainage 
characteristics,  material  characteristics  (settleabillty)  ,  pumping  rate,  and 
elapsed  time  overflow. 


V. 


Flow  rate.  Reduction  of  sediment  resuspension  can  be  accomplished  by 
reducing  the  flow  rate  of  the  slurry  being  pumped  into  the  hopper  during  the 
latter  phases  of  the  hopper-filling  operation.  This  operational  procedure 
reduces  the  solids  concentration  in  the  plume  by  reducing  the  sediment  concen¬ 
tration  in  tiie  overflow.  By  using  this  technique,  the  solids  content  of  the 
overflow  can  be  reduced  by  as  much  as  50  percent  while  the  loading  efficiency 
of  the  dredge  is  simultaneously  increased. 

Submerged  discharge.  Another  approach  that  has  been  developed  is  a  sub¬ 
merged  discharge  system  for  hopper  dredge  overflow,  called  an  ant 1-turbldlty 
over^'ow  system  (ATOS)  (Ofujl  and  Naoshi  1976).  The  overflow  collection  sys¬ 
tem  in  the  dredge  was  streamlined  to  minimize  Incorporation  of  air  bubbles, 
and  the  overflow  discharge  ports  were  moved  from  the  sides  to  the  bottom  of 
the  dredge's  hull  (Fig.  2.23).  With  this  arrangement,  the  discharge  descends 
rapldlv  to  the  bottom  with  a  minimum  amount  of  dispersion  within  the  water 
column.  The  svstem  can  he  Incorporated  In  existing  dredges  through  modifica¬ 
tions  of  their  overflow  systems.  It  should  be  pointed  out,  however,  that  the 
AToy  system  is  Intended  onlv  to  reduce  near-surface  resuspension,  not  overall 
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resuspension.  The  ATOS  device  has  the  effect  of  forcing  the  sollde  plume  down 
to  a  lower  level.  This  In  Itself  can  have  the  effect  of  inducing  more  rapid 
settlement  of  the  resuspended  solids. 


figure  2.23.  Schematic  drawing  of  a  hopper  dredge  bin 
equipped  with  the  Japanese-designed  Anti- 
Turbidlty  Overflow  System  fATOS) 


Cutterhead  Operation 

General.  Resuspension  of  sediment  during  cutterlif.wi  e/cavatinr  Is  - 

dent  on  the  operating  techniques  used.  Indeed  the  cutteriiead  mav  he  tiie  must 
sensitive  of  any  dredge  type  to  thauges  in  uperating  t  er  !,n  1  que  s .  ’he  sedlnerit 
resuspended  by  a  cutterhead  dredge  depends  on  thickness  <>:  >  ut  ,  r  ite  ni  swluk,. 
and  cutter  rotation  rate  (Barnard  i'roper  tialance  o!  tnese  ope  r.u  .  or,  , ; 

parameters  can  decrease  sedlmenl  resuspension  wfille  having  little  or  no  ertect 
on  production  (Hayes  et  al.  1984). 


Operational  controls.  rlased  on  t!ie  ;n;;su  t  ot  the  1 -n  tors  de  .(  rihe  i 
above,  the  following  operational  controls  to  redme  evels  o;  .ediment  reoo-- 
penslon  are  recommended.  These  controls  will  reduce  the  amoimt  o;  n.tterlai 
disturbed  by  the  cutterhead  but  not  entrained  hv  the  sui  floii  Mojston  and 
Huston  1 9  lb )  : 

a.  Large  sets,  very  thick  cuts,  and  verv  shallow  i  iits  stiould  he  avoldeo. 
Thick  cuts  tend  to  burv  the  cutterhead  .iiid  mav  cause  iii  gh  levels  i;  resuspe;  - 
slon  If  the  suction  cannot  pick  up  all  ol  the  dislodged  material  while  (n 
shallow  cuts  the  cutter  tends  to  throw  the  sediments  bevonu  the  intake  ol  the 
dredge  (Hayes  et  al,  1984). 

b.  The  leverman  should  swing  the  dreilge  so  that  tlie  cutterh.eail  will 
cover  as  mucn  of  the  bottom  as  possible.  Ihls  minimizes  the  formation  oi 
windrows  or  ridges  of  partially  disturbed  material  betweei-.  s!.e  cuts;  these 
windrows  tend  to  slough  Into  the  cuts  and  the  material  in  the  windrows  mav  he 
susceptible  to  resuspension  by  ambient  currents  and  turbulence  caused  iiv  the 
cutterhead.  Windrow  formation  can  be  eliminated  by  swinging  the  dredge  in 
close  concentric  arcs  over  the  dredging  area.  This  may  involve  either  modlfv- 
ing  the  basic  stepping  methods  used  to  advance  the  dredge  or  using  a  Wagger  or 
spud  carriage  system. 

c.  Side  slopes  of  channels  are  usually  dredged  by  making  a  vertical  box 
cut;  the  material  on  the  upper  half  of  the  cut  then  sloughs  to  the  specified 
slope.  The  specified  slope  should  be  cut  by  making  a  series  of  smaller  boxes. 


This  method,  called  "stepping  the  slope",  will  not  eliminate  all  sloughing, 

‘-nt  w:  '  I  help  t'i  re<f'i.  e  I  t  . 

d.  'n  siiuie  ire  Ivi'iK  projects,  it  roav  he  more  economical  to  roughly  cut 
ind  reno f  i.  ^r  :  r'<  material,  leaving  a  relatively  thin  layer  for  final 
'eu.i,;  ar:er  'he  pr  !  e,  ►  has  been  i  njghed  out.  However,  this  remaining  mate- 
;  I  "la  e  su‘  r  r  esi.  sjiens  1  on  hv  amirlent  currents  or  prop  wash  from 
:  1  :  ail  j,  •  r  i  •  ,  .  heju  !  :  i  t:K  '-(imp  let  e  removal  on  each  pass  wl  1  1  reduce 
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.,.e  is  use.!,  t!.e  dre.lge  will  remove  a  single  layer  of 
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.fterhe.i'i  dredge  was  developed  t ■'  loosen  den.sely  packed 
■e;.  .s.t  ,  i;  '  r.irk,  it  ran  ex  'avate  a  wide  range  material. 

Ihe  if’e'  ...li,  'i  ue-er.  He . edeu  '  -etrove  Soft  frvc-llow.ng  sedl- 

Hct.ifi  a  ;•  •  it  •rte'-iiead  produces  a  tur'.lcltv  cloud  that  aiav  escape 

:  rori.  t.-e  diedge.  .  'mp,,:,  practice  Is  to  use  t  (it*  (utterhead  whether  it  is 
■  •■se’  r  •  r  ,  ;  I'  (t.Ttris  's  ritml  and  he'  -cise  .it  the  effort  needed  to  remove 
tie  st'tr  tai.  *■'  tiie  'utterheatl  rernitived,  the  cutterhead  dredge  becomes, 

"  et'e  '  ,  i  'a.o-ioi'  dredge  w  i  r  h  reduce!  turhltiity  during  dredging.  It 

■’uh:!  r.  —  ■  e  s.  (•■■■  -i;  a  I  ed  'n.arerlal  and  leave  tiie  hard-packed  native  material 

e..iw.  :•  !■  V  'll.!  he  tspeciaiiv  iisetiil  when  r  iie  softer  surface  materials  con- 
til:  '■'.e  ;ii.ii*r:rv  i!  the  c  on  t  am  inant  .  i  1  the  cutterhead  is  reqtiired  for 
•■‘■ett’  e  'perat..  :!,  turhldlcv  caused  by  con\entlonal  cutterhead  dredging  can 
* f  re  lured  h'v  controlling  tlie  cutter  rpm's  and  swing  speed.  Since  optimum  rpra 
and  swi'u;  speed  will  varv  with  each  dredge  and  type  of  material,  experimen¬ 
tation  wil!  he  r e'.'ii  1  red  . 


Kqulpment  design  considerations.  Recent  modifications  to  pipeline 
dredges  have  Improved  their  pntductlon  capabilities  and  reduced  dredged  sedi¬ 
ment  resu.spensiou .  Greater  production  rates  are  achieved  by  pumping  a  higher 


solids  concentration,  which  reduces  the  quantity  of  return  water  that  may  be 
contaminated  and  require  treatment.  Recent  modifications  considered  here 
Include  walking  spuds,  ladder  pumps,  flow  and  density  instrumentation,  under¬ 
water  video  and  sensor  equipment,  shape  of  the  cutterhead,  and  rake  angle. 

A  recent  improvement  in  cutterhead  pipeline  dredges  is  the  addition  of 
the  walking  spud.  This  is  a  hydraulic  ram  connected  on  a  horizontal  platform 
to  the  spud  gantry  which  can  advance  the  dredge  up  to  40  ft  without  taking  a 

step  (Fig.  2.24).  Using  the  walking  spud,  the  dredge  does  not  have  to  stop 

pumping  sediment  to  move  forward.  Lost  pumping  time  or  Increased  pumping  of 
water  during  dredge  stepping  is  eliminated.  Walking  spuds  are  common  on  Euro¬ 
pean  dredges;  few  dredges  have  them  in  the  United  States,  and  none  are  located 
in  the  Pacific  Northwest. 

Figure  2.25  shows  an  additional  pump  located  on  the  ladder  of  the  dredge. 
Called  a  ladder  pump,  this  pump  is  underwater  during  normal  dredging  opera¬ 
tions  and  supplies  the  dredge  slurry  to  the  main  pump  under  slight  pressure. 

This  allows  the  main  pump  to  use  all  of  its  available  power  to  transport 

dredged  material.  It  increases  the  percentage  of  solids  pumped  and  dredge 
production. 

The  addition  of  flow  gages  and  nuclear  density  gages  provides  the  dredge 
operator  with  instant  production  data.  This  information  can  be  used  to  make 
adjustments  to  optimize  production,  such  as  adjusting  cut  depth,  cutter  rota¬ 
tion,  ladder  swing,  etc. 

Closed  circuit  underwater  video  cameras  and  water  sensors  can  be  mounted 
on  the  dredge  ladder  and  used  to  monitor  turbidity  in  vicinity  of  the  cutter¬ 
head.  Adjustments  can  be  made  in  cutter  rotation  speed  (rpm's)  and  swing 
speed  to  minimize  resuspension  of  dredged  material.  Video  cameras  are  only 
effective  when  dredging  in  relatively  clear  waters.  Sensors  are  best  used  in 
turbid  waters. 

The  shape  of  the  cutterhead  also  affects  the  sediment  resuspended,  par¬ 
ticularly  if  no  over-depth  is  allowed.  The  cutterheads  shown  in  Figure  2.26 
have  the  same  length  and  base  width.  They  are  also  depressed  to  the  same 
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Figure  2.26.  Effect  of  cutterhead  shape  on  suction 
height  above  the  bottom  (Turner) 

angle  and  are  buried  to  the  same  depth.  However,  with  the  conical  shaped  head 
(right  hand  drawing),  the  suction  is  brought  closer  to  the  material  and  the 
chance  of  entrainment  is  improved.  This  shape  difference  would  be  particu¬ 
larly  important  if  the  head  were  not  completely  buried  CTurner  1983). 

The  angle  a  (Fig.  2.27)  is  called  the  rake  angle.  If  the  rake  angle  is 
too  large,  it  will  cause  a  gouging  action  that  will  sling  soft,  fine-grained 
material  outward.  If  the  rake  angle  is  too  small,  heeling  (the  striking  of 
the  bottom  with  the  heel  of  the  tooth)  will  occur  and  Increase  resuspension. 
For  fine-grained  maintenance-type  material,  a  small  rake  angle  of  from  20  to 
25  deg  would  be  best.  This  would  allow  a  shallow  entry  that  would  lift  the 
bottom  sediment  and  guide  it  toward  the  suction  (Turner  1983). 

Suction  Dredges 

With  the  exception  of  cutterhead  controls,  applicable  operational  con- 
trols  for  a  suction  dredge  are  similar  to  those  for  a  cutterhead  dredge. 

•* 
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Schematic  front  view  of  a  cutterheaiJ  showing  the  cutter 
tooth  rake  angle 


;)  iM  dre(l>'vs  are  not  well  suited  for  dredgliiK  contaminated  materials, 
.'■ic:,  i.sfd  li.  this  application,  the  angle  of  the  water  jet.s  on  the 
he  water  pressure  from  the.se  jets  should  ‘n-  idjusted  to  achieve  the 
c'.  'ji.r  111  .sediment  resusperi.s  ;  cui . 


iucKet  Orecige  Operations 


i  -il .  He.su.sjjenslon  of  sedlment.s  during  clamshell  dredging  operations 
.r.  he  reduced  by  imp  i  ement  Ing  operational  controls  and/or  altering  the  bucket 
deslt-r.  oper.it  Iona  1  controls  can  be  applied  to  hoist  speed,  placement  of  the 
dredgeci  nmterlal  in  the  hopper  barge,  loading  the  hopper  past  overflow  and 
draggii'r  tiie  tnuket  along  the  bottom.  Equipment  design  Includes  the  fit  of 
the  bucket  and  the  use  of  enclosed  clamshell  buckets.  The  sediment  resuspen¬ 
sion  associated  with  a  clamshell  bucket  dredging  operation  Is  largely  depen¬ 
dent  Cl,  the  type  of  bucket  and  cond.ltlon  of  the  dredging  equipment;  however,  a 


substantial  amount  of  resuspension  reduction  can  be  accomplished  through 
operational  controls. 


Operational  Controls.  During  clamshell  dredging  projects,  operational 
controls  can  be  implemented  to  help  reduce  sediment  resuspension.  Controlling 
the  speed  of  the  bucket  through  the  water  column  is  one  method  of  control. 

The  hoist  speed  of  the  bucket  should  be  kept  below  2.0  ft/sec  to  keep  i rom 
washing  sediment  out  the  bucket.  The  hoisting  process  should  also  he  .i-. 
smooth  as  possible  so  as  not  to  jerk  the  bucket.  When  the  bucket  has  leen 
brought  about  to  empty  the  load  into  the  hopper  dredge,  care  should  be  taken 
in  the  placement  of  the  material.  The  dredged  material  should  be  deliberately 
placed  in  the  hopper,  as  opposed  to  dropping  or  free-fall  from  several  teet 
above.  It  should  also  be  placed  in  such  a  manner  so  that  it  is  evenly  liistri- 
buted  throughout  the  hopper  minimizing  the  risk  of  spillage.  The  hopper  b.irge 
should  not  he  allowed  to  overflow  when  dredging  contaminated  sediment.  I'ften 
when  a  clamshell  dredge  has  finished  dredging  a  certain  reach,  it  will  <.irag 
the  bucket  along  the  bottom  to  create  a  smoother  bottom.  This  practice  -hould 
not  be  used  when  dredging  In  contaminated  reaches  or  in  similar  cases  wlicn 
resuspension  must  be  limited. 

Kquipment  Design.  A  watertight  bucket  has  been  developed  In  whlcli  the 
top  Is  enclosed  so  that  the  dredged  material  is  contained  within  the  bucket 
(Barnard  1978).  Comparisons  between  standard  open  clamshell  bucket  and  a 
watertight  clamshell  bucket  indicates  that  watertight  buckets  generate  i  to 
70  percent  less  resuspension  In  the  water  column  than  the  open  buckets.  The 
enclosed  bucket  did,  however,  produce  Increased  resuspensl ->0  near  the  ':>•  tt  m., 
which  is  most  likely  due  to  a  shock  wave  of  water  that  precedes  the  watci tight 
bucket  due  to  the  enclosed  top.  Earlier  buckets  also  had  rubber  gaskets  along 
the  cutting  edge  of  the  bucket  to  seal  it.  This  limited  the  use  of  the  bucket 
to  soft  material  and  trash-free  areas.  Current  design  concepts  include  the 
use  of  interlocking  tongue-and-groove  edge  to  overcome  the  sealing  proi  lems. 
The  operational  controls  mentioned  above  can  also  be  used  for  enclosed  buckets 
to  help  further  reduce  suspended  sediments. 


Additional  Techniques  for  Suspended-Sediment  Control  During  Dredging 

Several  additional  techniques  and/or  considerations  have  been  suggested 
t  isslst  in  controlling  resuspension  and  contaminant  release  during  dredging. 
S’u  ess  with  these  has  been  varied  and  their  application  is  very  site  spe- 
^ ::;c.  The  following  sections  discuss  the  most  commonly  suggested  and  the 
rr' sr  promising  dredging  site  controls. 

'  ■  ■  ^  <'urtains 

Mne  method  for  physically  controlling  the  dispersion  of  near-surface  tur- 
'  :  :  water  in  the  vicinity  of  dredging  (and  some  disposal)  operations  In  quies- 
environments  Involves  placing  a  silt  curtain  or  turbidity  barrier  either 
■  -  ..'rent  from  or  around  the  operation.  Silt  curtains  are  not  recommended 
:  r  operations  In  the  open  ocean.  In  currents  exceeding  I  knot.  In  areas  fre- 
c  t ly  exposed  to  high  winds  and  large  breaking  waves,  or  around  hopper 

or  some  cutterhead  dredges  where  frequent  curtain  movement  would  be 

•  ••'  t- osary . 


Silt  curtains  are  Impervious  floating  barriers  that  extend  vertically 
:t  )::  the  water  surface  to  a  specified  water  depth.  The  flexible  nylon- 
re  i  uiorced  polyvinyl  chloride  i,PVC)  fabric  (or  similar  material)  forming  the 
'  .irrler  Is  maintained  In  a  vertical  position  by  flotation  segments  at  the  top 
.ml  a  ballast  chain  along  the  bottom.  A  tension  cable  Is  often  built  Into  the 
^uitaln  immedlatelv  above  or  below  the  flotation  segments  (top  tension)  or 
onie  distance  below  the  flotation  (center  tension)  to  absorb  stress  imposed  by 
1  i-rents  and  other  hvdrodynamlc  forces.  The  curtains  are  manufactured  In  sec- 
t!  :;s  that  can  be  joined  together  at  a  particular  site  to  provide  a  curtain  of 
specified  length.  Anchored  lines  hold  the  curtain  In  a  deployed  configuration 
t'at  Is  usually  L'-shaped  or  circular. 

In  many  cases,  especially  disposal  applications,  the  concentration  of 
fine-grained  suspended  solids  Inside  the  silt  curtain  enclosure  may  be  rela¬ 
tively  high  (l.e.,  in  excess  of  1  g/ P.) ,  or  the  suspended  material  may  be  com¬ 
posed  of  relatively  large  rapidly  settling  floes.  In  studying  a  typical 
pipeline  disposal  operation  surrounded  by  a  slit  curtain,  results  showed  that 


the  vast  majority  (95  to  99  percent)  of  the  fine-grained  material  descended 
rapidly  to  the  bottom  where  It  formed  a  low-gradient  fluid  mud  mound.  While 
the  curtain  provides  an  enclosure  where  some  of  the  remaining  fine-grained 
suspended  material  may  flocculate  and/or  settle,  most  of  the  turbid  water  and 
fluid  mud  flow  under  the  curtain.  The  silt  curtain  does  not  indefinitely  con¬ 
tain  turbid  water,  but  Instead  diverts  its  flow  under  the  curtain,  thereby 
minimizing  the  turbidity  In  the  upper  water  column  outside  the  silt  curtain. 

Silt  curtain  effectiveness,  defined  as  the  degree  of  turbidity  reduction 
outside  the  curtain  relative  to  the  tu  f'ldity  levels  inside,  depends  on  sev¬ 
eral  factors:  the  nature  of  the  operation;  the  quantity  and  type  of  material 
In  suspension  within  or  upstream  of  the  curtain;  the  characteristics, 
construction,  and  condition  of  the  silt  curtain  as  well  as  the  area  and  con¬ 
figuration  of  the  curtain  enclosure;  the  method  of  mooring;  and  the  hydro- 
dynamic  conditions  (i.e.,  currents,  tides,  waves,  etc.)  present  at  the  site. 
Because  of  the  high  degree  of  variability  In  these  factors,  the  effectiveness 
of  different  silt  curtain  operations  Is  highly  variable.  Considerable  addi¬ 
tional  detail  on  silt  curtains  is  provided  by  JBF  Scientific  (1978). 

Other  Barriers 

At  those  sites  where  the  geometry  of  the  harbor/waterway  permits  and 
where  contaminant  levels  are  unusually  high,  more  extensive  structural  bar¬ 
riers  may  be  warranted.  Dikes,  wiers,  and  sheet  pile  enclosures  have  all  been 
suggested  and  cotild  be  effectively  used  depending  on  site  specific  charac¬ 
teristics.  Obviously  the  design  must  provide  for  necessary  ingress/egress  for 
dredging  and  support  equipment.  Provisions  must  also  be  made  for  removal  of 
the  barrier.  As  with  silt  curtains,  contaminated  sediments  trapped  Inside  the 
barrier  will  accumulate  against  it  and  must  be  carefully  controlled  before  the 
barrier  is  removed.  A  predredged  sedimentation  basin  down-current  from  a 
removal  operation  can  also  be  an  effective  sink  or  barrier. 


In  certain  situations  It  may  be  possible  to  reduce  the  spread  of  resus¬ 
pended  sediments  by  taking  advantage  of  strong  cyclic  stratifications  in  the 


water  column  and/or  tidal  currents.  Again,  the  site  specific  nature  of  such 
considerations  must  be  emphasized.  However,  with  advanced  planning  specific 
dredging  sites  within  a  harbor  or  bay  could  be  rotated  during  tidal  cycles  to 
productively  use  confining  current  patterns.  Sequencing  of  an  entire  project 
might  also  consider  moving  progressively  from  up-current  to  down-current,  from 
more  hydrodynamlcally  active  areas  to  naturally  quiescent  areas,  or  using  a 
two-layer/sweep  pattern  or  similar  techniques  to  pick-up  sediments  disturbed 
earlier  in  a  project  and  subsequently  redeposlted  at  other  areas  of  the  site. 


Part  III:  CONTAMINANT  CONTROL  DURING  DREDGED  MATERIAL  TRANSPORT 


Background 

Part  II  described  techniques  for  maximizing  control  of  contaminated 
dredged  material  during  the  dredging  operation.  This  part  addresses  manage¬ 
ment  techniques  to  control  contaminated  materials  while  in  transit  to  a  dis¬ 
posal  site.  The  primary  emphasis  during  this  phase  of  the  overall  dredging 
process  is  towards  spill/leak  prevention.  Accidental  release  of  contaminated 
materials  into  a  previously  uncontaminated  environment  has  extremely  costly 
consequences  in  monetary  and  public  relations  aspects.  Thus  each  step  in  the 
transport  system  must  be  carefully  evaluated. 

Primary  transportation  methods  used  to  move  dredged  material  includes 
pipelines,  barges,  scows,  trucks,  and  rail.  Hopper  dredge  transport  with 
direct  pumpout  is  also  commonly  used  in  the  Great  Lakes  region.  These  means 
are  the  expected  modes  of  transport  for  contaminated  dredged  material.  Each 
has  specific  requirements  planners  must  be  aware  of  when  determining  transport 
options. 


Controls  for  Pipeline  Transport 

Controlling  contaminated  dredged  material  during  pipeline  operations 
requires  review  of  two  aspects  of  the  pipeline  system,  a  pump  and  pipeline. 

The  pump  is  critical  as  it  is  the  prime  mover  for  the  dredged  material  and  as 
such,  must  withstand  the  stress  of  handling  materials  of  varying  consisten- 
ci“s.  The  pipeline  acts  as  the  conduit  for  dredged  material  to  flow  into  a 
designated  containment  area.  Pipelines  must  be  able  to  accommodate  the 
dredged  material  under  pressure  as  well  as  resist  external  environmental 
stresses.  Factors  having  an  Impact  on  transport  of  contaminated  dredged  mate¬ 
rial  via  pipeline  will  be  addressed  in  the  following  paragraphs. 

Pipeline  Transport 

Pipelines  are  commonly  used  to  transport  bulk  materials  over  relatively 
short  distances.  For  navigation  dredging,  pipelines  are  up  tr  3  miles  in 


length  whereas  commercial  land  reclamation/fill  operations  may  have  pipell;es 
as  long  as  15  miles.  Pipelines  may  be  longer  depending  on  distance  i roit  exca¬ 
vation  point  to  the  disposal  site.  Regardless  of  length,  there  are  common 
aspects  that  must  be  considered  when  designing,  constructing  and  operating  a 
pipeline  to  prevent  spread  of  contaminated  materials. 

During  the  design  stage,  planners  should  carefully  consider  pipeline 
routes,  climatic  conditions  expected,  material's  corrosion  resistance,  redun¬ 
dancy  of  safety  devices  (l.e.,  additional  shut('ff  valves,  loop/by-pasaes , 
pressure  relief  valves),  coupling  methods  and  systems  to  detect  leaks.  Souder 
et  al ,  (1978)  outlines  specific  pump  and  pipeline  design  procedures. 

Pipeline  routing,  as  well  as  geologic  setting  of  the  pipeline,  will 
influence  the  degree  ot  contaminant  control  required.  Pipelines  should  not  be 
routed  across  terrain  that  would  he  adversely  affected  should  leakage  occur 
during  operation.  Kcitlng  the  pipeline  to  take  advantage  of  ..atural  slope  or 
channelization  awav  from  public  use  areas  (i.e.  drinking  water  wells  and  res¬ 
ervoirs,  streams,  rivers,  or  lakes).  Designers  reviewing  routing  plans  should 
also  consider  acce.ss  to  the  pipeline  during  periods  of  adverse  weati.er  or  in 
the  event  ot  a  ruptured  line,  .'.ccess  ti’  a  ruptured  pipeline  alter  dredged 
material  has  been  pumped  out  over  the  ground  tor  several  hours  might  be  impos¬ 
sible  until  t  tie  material  consolidates  and  dries. 

(lllmatic  conditions  can  have  an  impact  on  the  smooth  operation  of  a  pipe¬ 
line.  Normally  pipelines  using  i  water-slurrv  mixture  of  dredged  material 
must  be  buried  or  covered  with  earth  In  areas  where  freezing  may  occur. 

' reeze-thaw  action  (m  a  pipe  connection  can  lead  to  rupture,  thus  considera¬ 
tion  as  to  weather-resistant  connections  Is  very  important.  In  more  temperate 
areas,  above-ground  installation  is  commonlv  used.  However,  heat,  humidity 
or  lack  ut  humlditv),  and  surface  winds  can  damage  pipelines.  In  both  tem¬ 
perate  and  cold  regions,  salt  spray  may  corrode  critical  components  of  pipe¬ 
lines  leading  to  rupture  and  leaks.  Temperature  is  a  strong  influence  on  the 
corrosion  rate.  lor  example,  under  a  low-molsture/hlgh-temperaturc  environ¬ 
ment,  corrosion  rates  would  rise  rapidly. 


Planners  or  engineers  should  also  consider  placement  of  leak-detection 
Inst rumentation  at  critical  locations  along  the  pipeline  route.  Early  detec¬ 
tion  of  leaks  may  prevent  major  contamination  from  occurring.  Detection 
devices  should  be  located  where  frequent  inspection,  maintenance,  and  calibra¬ 
tion  mav  be  accomplished.  Devices  such  as  flow  or  pressure  Indicators  should 
tuated  between  pump  stations  so  the  loss  of  pressure  or  flow  would  acti¬ 
vate  a  leak  alarm. 

Pump  Control 

Proper  design  and  selection  of  pumps  for  dredged  material  transport  are 
critical  for  smooth  operation  of  a  pipeline  system.  Correct  sizing,  instal¬ 
lation,  and  construction  of  protective  shelters  will  significantly  reduce 
maintenance  and  likelihood  of  pump  failure.  Pumps  should  be  selected  on  the 
basis  of  flows  and  material  content  expected  during  the  dredging  operation. 

Basically  there  are  three  pump  types  used  in  pipeline  transport:  pc'sl- 
tlve  displacement,  centrifugal,  and  compressed  air  pumps.  Positive  dlspla- 
ment  pumps  are  used  in  long-distance  pipelines  as  fewer  pumps  are  requires  i 
to  their  higher  pumping  pressure.  However,  positive  displacement  pumps  are 
sensitive  to  variation  of  material  particle  size  due  to  minimal  valve  tr¬ 
ances,  Dredged  material,  due  to  its  origin  and  nature  of  waterw,i\  , 

highly  variable  in  terms  of  particle  gradations  and  presence  o:  r.  te;.' 
objects  (i.e.,  nut,  bolts,  chain  links,  cables,  etc.).  Thus  , 

placement  pumps  should  not  normally  be  used  unless  a  screen  i  • 


Centrifugal  and  compressed  air  pumps  are  better  e  r 
material  owing  to  their  ability  to  accept  varl.i'>le  s ;  • 
Technical  Report  D-78-28  (Souder  et  al.  s  pr.  ,  'e 
procedures  for  determining  pump  size  and  estii:..r.--  •  • 
of  contaminant  control  during  pumping  operar -v  :  . 

be  given  for  mitigating  corrosion  and  ca\  ;T  i' 
water  content  as  well  as  other  contam  i -la- •  ■ 
quickly  corrode  Internal  mechanisms  >•  ;  - 
on  Impellers  and  Interior  housing 
well  as  cause  (or  contribute  to 


Controls  for  Scow/Barge  Transport 

Barge/scow  transport  of  dredged  material  has  historically  been  one  of  the 
most  used  methods  to  move  large  quantities  over  long  distance.  Barge  movement 
of  material  is  reasonably  cost  effective  and  lends  itself  to  adapting  to  most 
dredging  operations.  Controls  to  prevent  spread  of  contaminated  materials 
when  utilizing  barge  transport  are  primarily  concerned  with  loading/unloading 
procedures,  fugitive  emissions,  route  and  navigation  hazards,  and  decontamina¬ 
tion  of  equipment. 

Material  condition  prior  to  placement  Into  a  barge  has  a  great  impact  on 
what  controls  planners  must  consider.  Dredged  material  that  has  a  high  mois¬ 
ture  content  will  require  less  concern  about  possible  windblown  dust  but  will 
create  much  more  difficult  loading  and  unloading  conditions  and  will  require  a 
greater  number  of  barges.  In  general,  lower  material  moisture  content  is 
better  for  handling  and  control.  For  purposes  of  discussing  control  mecha¬ 
nisms  In  barge  transport,  the  dredged  material  will  be  assumed  to  be  In  one  of 
two  states:  freshly  dredged  material,  having  a  very  high  water  content  and 


being  transported  a  short  distance  to  an  unloading  site,  or  consolidated 
(dewatered)  dredged  material  to  be  barge  transported  over  long  distances. 


Route/Navigation  Controls 


Route  selection  for  barge  transport  of  dredged  material  (regardless  of 
material  conditions)  is  very  important  to  control/prevent  potential  spill 
situations.  Routes  should  avoid,  as  much  as  possible,  public  use  areas  and 
areas  where  there  Is  a  high  degree  of  public  visibility.  The  route  selected 
should  be  carefully  surveyed  for  possible  underwater  navigation  hazards,  as 
well  as  above-waterline  obstructions.  A  study  of  river  conditions  to  deter¬ 
mine  optimum  operational  conditions  and  those  situations  when  barge  towing 
would  be  most  susceptible  to  accidents  must  be  conducted.  Also  a  worst-case 
study  should  be  performed  to  determine  effects  of  a  significant  spill/leak  of 
the  dredged  material.  Results  of  these  reviews  should  then  be  incorporated 
Into  spill-response  plans. 
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Loading/Unloading  Controls 


Loading  and  unloading  operations  present  the  greatest  potential  for 
uncontrolled  release  of  contaminated  materials.  Use  of  clamshell  and  dragline 
attachments  at  the  dredging  site  will  release  substantially  more  dredged  mate¬ 
rial  Into  the  water  column  than  vacuum/suction  systems.  However,  when 
planning  for  pumping  dredged  material  Into  barges,  planners  should  consider 
how  the  material  will  be  transferred  from  the  dredge  onto  a  barge.  Overflow 
during  such  operations  can  cause  a  significant  return  of  contaminants  to  the 
water  column.  It  Is  at  these  Interface  points  In  which  particularly  stringent 
control  measures  must  be  followed  to  prevent  spread  of  contaminated  material. 
Flexible  connections  from  dredge  to  barge  will  reduce  the  possibility  of  pipe 
damage  due  to  wave  action.  If  the  dredged  material  Is  tremled  Into  the  barge, 
then  movement  of  the  boom  between  barges  or  dredge  and  barges  must  be  care¬ 
fully  controlled  to  prevent  material  from  falling  directly  Into  the  waterway. 


At  barge  unloading  points,  removal  of  material  Is  commonly  done  with 
clamshell  cranes  and  the  material  loaded  Into  a  truck  or  rail  car.  This  sit¬ 
uation  presents  the  greatest  possibility  of  contaminating  work  areas  and  adja¬ 
cent  land/water  use  areas.  Points  where  spillage  will  undoubtedly  occur  are 
during  the  crane's  boom  swing  from  the  barge  to  an  awaiting  transporter  and 
when  the  material  Is  placed  In  the  transporter.  During  the  swings,  materials 
will  flow  out  the  clamshell.  Careful  release  must  be  made  to  avoid  part  of 
the  material  missing  the  transporter.  Control  measures  that  planners  should 
consider  Include  site  drainage,  spill  collection  sumps,  and  decontamination 
systems . 


Controls  for  Truck  Transport 


Trucks  are  used  for  dredged  material  when  the  distance  from  the  dredging 
site  Is  beyond  the  range  normally  used  for  overland  pipelines  and  less  than 
the  distance  for  rail  car  transport.  Controls  associated  with  transporting 
dredged  material  by  truck  parallels  those  for  barge/scow  transport. 

Federal,  state,  and  local  regulations  will  govern  the  maximum  size  and 
weight  a  truck  can  attain.  During  loading  operations  care  must  be  exercised 
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to  ensure  Che  truck  is  not  overloaded  for  the  route  over  which  it  must  tra¬ 
verse.  A  primary  factor  affecting  weight  is  the  moisture  content  of  the 
dredged  material.  A  material  high  in  moisture  content  will  significantly  add 
to  the  shipping  weight  as  well  as  necessitating  additional  round  trips  to  move 
Che  same  amount  of  solids. 

In  line  with  shipping  weight,  planners  may  wish  to  consider  pre-transport 
material  conditioning  to  eliminate  excess  liquids.  Increase  solids,  and 
enhance  handling  characteristics.  For  efficient  removal  of  materials  from 
truck  beds,  the  moisture  content  of  the  material  should  be  reduced  by  dewater¬ 
ing,  either  by  allowing  the  material  to  drain  freely  in  stock  piles  or  by 
using  mechanical  dewatering  equipment. 

Selecting  a  truck  route  for  transporting  contaminated  dredged  material 
has  similar  factors  as  barge/scow  transport.  Planners  should  carefully  ana¬ 
lyze  local  traffic  patterns  and  volumes  so  as  to  avoid  congested  routes  or 
routes  which  may  offer  Increased  risk  of  accidents.  In  addition,  routes 
should  avoid  public  use  areas,  environmentally  sensitive  areas  and  major  resi¬ 
dential  areas.  Planners  should  review; 

a.  Brldge/tunnel/underpass  restrictions. 

b.  Roadway  capacity  (size  and  weight). 

c.  Drainage  patterns  into  nearby  lakes  and  streams. 

d.  Existence  of  sanltary/storm  water  sewers. 

e.  Groundwater  levels  and  direction  of  flow. 

f.  Grades  and  curves  of  proposed  route. 

Transporting  contaminated  materials  over  long  distances  will  require  con¬ 
trolling  potential  emissions  from  the  truck  such  as  dust  or  water  leaking  from 
the  bed.  Covering  the  dredged  material  will  substantially  reduce  windblown 
dust.  This  is  particularly  necessary  when  using  roadways  with  heavy  traffic, 
where  reducing  public  exposure  to  contaminated  dust  is  desired.  To  prevent 
water  leaking  from  the  truck  bed,  use  of  heavy  polyethylene  liners  are  recom¬ 
mended.  Lining  the  truck  bed  will  also  aid  in  decontamination  after  the  truck 
has  dumped  its  loaa. 


without  proper  controls,  the  loading  and  unloading  operations  present  the 
greatest  potential  risk  of  contaminating  nearby  clean  areas.  Trucks  may  be 
loaded  by  belt  conveyor,  cranes,  or  buckloaders.  Regardless  of  loading 
method,  there  will  be  some  spillage  of  contaminated  materials.  Controls  sug¬ 
gested  for  consideration  are; 

a.  Drainage  of  water  from  loading  and  unloading  area  Into  central  sump 
for  periodic  removal. 

b.  Dally  removal  of  spilled  material. 

c.  Specially  designed  loading  ramps  to  collect  spilled  material. 

d.  Use  of  watertight  clamshells  for  transferring  materials  from  barges 
Into  truck. 


Decontamination  of  truck  under  carriages  may  be  necessary  to  control  con¬ 
taminated  materials  from  falling  onto  public  roadways  when  leaving  loading/ 
unloading  areas.  High-pressure  water  sprays  to  remove  contaminated  material 
will  suffice  In  most  cases.  Planners  will  have  to  consider  water  residue  col¬ 
lection.  If  the  dredging  operation  Is  to  be  of  long  duration,  a  semi¬ 
permanent  wash  stand  may  be  constructed  to  more  efficiently  remove  material 
and  control  runoff.  Whenever  trucks  are  to  be  utilized  for  other  purposes, 
beds  should  be  decontaminated  prior  to  reuse. 

Controls  for  Rail  Transport 

Rail  transport  Is  normally  used  only  when  the  distance  to  disposal  sites 
Is  very  large  (>  50  to  100  miles).  Often  rail  cars  are  used  to  move  conjoll- 
dated  dredged  material  from  local  disposal  sites  to  locations  where  the  mate¬ 
rial  may  be  reused.  Many  of  the  control  measures  applicable  for  rail 
transport  have  been  discussed  in  the  preceding  paragraphs.  Control  of  dust  by 
using  covers  Is  Important  as  the  material  may  remain  In  the  rail  car  for 
lengthy  time  periods  In  rail  yards,  dry  out,  and  begin  to  present  a  dust  prob¬ 
lem.  Also,  covers  will  prevent  the  material  from  becoming  resaturated  with 
water  from  rainfall  making  removal  difficult.  Decontamination  of  rail  cars 
after  shipment  Is  complete  is  particularly  Important  since  the  rail  car  may  be 
used  In  different  operations.  Also  the  decontamination  operation  will  have  to 
be  carefully  planned  to  prevent  runoff  from  entering  clean  areas.  Moisture 


content  of  material  must  be  very  low  to  aid  In  removal.  A  material  with  high 
moisture  content  will  stick  to  the  car  sides  and  bottom  or  In  cold  weather 
become  a  frozen  block. 


PART  IV:  CONTAMINANT  CONTROL /TREATMENT  ALTERNATIVES  FOR 
UPLAND  DISPOSAL  SITES 


Prior  to  discussing  available  control/treatment  alternatives  for  upland 
disposal  sites,  it  is  necessary  to  understand  the  various  media  to  which  con¬ 
trol  or  treatment  alternatives  may  be  applied  and  the  environmental  protection 
goals  associated  with  a  specific  disposal  site.  The  media  to  be  controlled  or 
treated  can  be  directly  defined  whereas  the  environmental  protection  goals  are 
usually  defined  in  terms  of  the  contaminant  migration  pathways  that  may  be 
available  at  a  specific  site. 

Contaminated  Media 

Six  categories  of  contaminated  media  may  be  associated  with  the  disposal 
of  contaminated  sediment.  These  include: 

a.  Dredged  material  slurry. 

b.  Dredged  material  solids. 

c.  Site  effluent. 

d.  Site  runoff. 

e.  Site  leachate  (Including  flow  through  dikes). 

f.  Residual  solids. 


Migration  Pathways 


Upland  disposal  involves  the  placement  of  dredged  material  in  environ¬ 
ments  not  inundated  by  tidal  waters  (Fig.  4.1).  Upland  disposal  sites  are 
normally  diked  confined  areas  that  retain  the  dredged  solids  while  allowing 
the  carrier  water  to  be  released  and,  as  such,  are  most  often  associated  with 
hydraulic  dredges  (pipeline  or  hopper  with  pump-out  capability).  Upland  sites 
can  also  accept  dredged  material  that  has  been  dewatered  elsewhere  and  trans¬ 
ported  in  by  truck  or  rail  (if  hydraulically  dredged)  or  has  simply  been 
loaded  directly  into  trucks  or  railcars  by  mechanical  dredges.  Upland  dis¬ 
posal  sites  may  be  located  immediately  adjacent  to,  or  removed  great  distances 
from,  the  dredging  site. 

As  nearly  all  upland  disposal  sites  are  diked  areas,  the  major  components 
of  a  diked  containment  area  are  shown  schematically  in  Fig.  4.2.  The  two 
objectives  inherent  in  design  and  operation  of  containment  areas  are  to 
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Figure  4.1.  Migration  pathways  from  a  diked  upland  disposal  site 
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Figure  4.2.  Components  of  a  typical  diked  upland  disposal  site 
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provide  adequate  storage  capacity  to  meet  the  dredging  requirements  and  to 
attain  the  highest  possible  efficiency  In  retaining  solids  during  the  dredging 
operation.  Basic  guidelines  for  design,  operations,  and  management  of  con¬ 
tainment  areas  are  presented  by  Palermo  et  al.  (1978)  and  Montgomery  et  al. 
(1983). 

When  dredged  material  Is  placed  In  an  upland  environment,  drastic  physi¬ 
cochemical  changes  occur.  As  soon  as  the  dredged  material  is  placed  In  a  con¬ 
finement  and  allowed  to  be  exposed  to  the  atmosphere,  oxidation  processes 
begin.  The  Influent  slurry  water  Initially  Is  dark  In  color  and  reduced  with 
little  oxygen  as  it  is  discharged  into  the  confinement  area  from  a  hydraulic 
dredge.  Mechanically  dredged  sediment  such  as  with  a  clamshell  will  have 
sediment  pore  water  that  will  Initially  be  dark  in  color  and  reduced.  As  the 
slurry  water  passes  across  the  confined  disposal  site  and  approaches  the  dis¬ 
charge  weir,  the  water  becomes  oxygenated  and  will  usually  become  light  grey 
or  light  yellowish  brown.  The  color  change  Indicates  further  oxidation  of 
iron  complexes  in  the  suspended  particulates  as  they  move  across  the  confine¬ 
ment.  Once  disposal  operations  are  completed,  dredged  material  consolidation 
will  continue  to  force  pore  water  up  and  out  of  the  dredged  material,  and  it 
will  drain  toward  the  discharge  weir.  This  drainage  water  will  continue  to 
become  oxidized  and  lighter  in  color.  Once  the  surfaced  pore  water  has  been 
removed  from  the  confinement,  the  surface  of  the  dredged  material  will  become 
oxidized  and  lighter  in  color,  such  as  changing  from  black  to  light  gray.  The 
dredged  material  will  begin  to  crack  as  it  dries  out.  Accumulation  of  salts 
will  develop  on  the  surface  of  the  dredged  material  and  especially  on  the  edge 
of  the  cracks.  Rainfall  events  will  tend  to  dissolve  and  remove  these  salt 
accumulations  in  surface  runoff.  Recent  research  on  contaminant  mobility  from 
dredged  material  placed  in  an  upland  disposal  site  Indicates  that  certain 
metal  contaminants  can  become  dissolved  in  surface  runoff  as  dredged  material 
dries  out.  During  the  drying  process,  organic  complexes  become  oxidized  and 
decomposed.  Sulfide  compounds  also  become  oxidized  to  sulfate  salts.  These 
chemical  transformations  could  release  complexed  contaminants  to  surface  run¬ 
off,  soil  pore  water,  and  leachate  through  the  material.  In  addition,  plants 
and  animals  that  colonize  the  upland  site  could  take  up  and  bioaccumulate 
these  released  contaminants.  Contaminant  mobility  will  be  significantly  con¬ 
trolled  by  the  physicochemical  changes  that  occur  during  drying  and  oxidation 
of  the  dredged  material. 
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Upland  disposal  of  contaminated  dredged  material  must  be  planned  to  con¬ 
tain  the  dredged  material  within  the  site  and  restrict  contaminant  mobility 
out  of  the  site  In  order  to  control  or  minimize  potential  environmental 
Impacts.  Lee  et  al.  (1985)  Identified  and  described  five  possible  mechanisms 
for  transport  of  contaminants  from  upland  disposal  sites. 

a.  Release  of  contaminants  In  the  effluent  during  dredging  operations. 

b.  Surface  runoff  of  contaminants  In  either  dissolved  or  suspended 
particulate  form  following  disposal. 

c.  Leaching  Into  ground  water  and  surface  waters. 

d.  Plant  uptake  directly  from  sediments,  followed  by  Indirect  animal 
uptake  from  feeding  on  vegetation. 

e.  Animal  uptake  directly  from  the  sediments. 

Treatment /Control 

The  general  strategy  for  eliminating  potential  environmental  problems 
associated  with  the  disposal  of  contaminated  dredged  material  is  to  apply 
treatment  or  control  technologies  to  selected  contaminated  media  for  the  pur¬ 
pose  of  eliminating  or  minimizing  contaminant  release  through  the  affected 
migration  pathway.  Once  the  technology  has  been  applied,  Its  efficiency  in 
contaminant  removal  or  control  must  be  evaluated.  This  section  of  the  report 
presents  the  various  treatment/control  technologies  available  for  each  media. 
Parc  IX  of  the  report  presents  a  framework  for  selecting  appropriate 
technologies. 

Site  Selection 

Site  location  is  an  Important,  if  not  the  most  Important,  consideration 
in  minimizing  the  cost  of  required  restrictions.  Selection  of  a  technically 
sound  site  can  reduce  or  eliminate  the  need  for  applying  contaminant  control/ 
treatment  technologies.  Significant  site  variables  are  ones  that  affect  the 
pathways  of  migration  of  contaminants,  and/or  design  and  implementation  of 
control/treatment  alternatives.  Site  characteristics  that  are  particularly 
important  in  the  evaluation  of  the  need  for  contaminant  control/treatment 
alternatives  are  discussed  below. 

a.  Location.  While  the  significant  characteristics  of  a  given  site  are 
usually  unique,  useful  hypotheses  about  pathways  of  migration  and  estimates  of 
parameters  needed  to  calculate  migration  rate  can  often  be  developed  from 


available  regional  data  and  keyed  to  location,  topography,  surface  drainage 
patterns,  flood  potential,  subsurface  stratigraphy,  groundwater  flow  patterns, 
and  climate. 

b.  Topography.  Topographic  variables  are  Important  In  evaluating  sur¬ 
face  drainage,  runon  and  runoff  potential  to  and  from  contaminated  areas  of 
the  site,  and  logistics  of  moving  and/or  placing  equipment  for  In-place 
treatment. 

c.  Stratigraphy.  The  nature  of  subsurface  soils,  determined  by  examina¬ 
tion  of  soil  core  borings  to  bedrock.  Is  an  Important  input  to  the  evaluation 
of  pathways  of  migration  In  both  the  unsaturated  and  saturated  zones. 

d.  Groundwater  levels  (equlpotentlal  surfaces).  Seasonal  maps  of  water 
table  contours  and  plezometrlc  surfaces,  developed  by  analysis  of  groundwater 
monitoring  well  data,  are  Important  In  predicting  groundwater  flow  directions 
and  hydraulic  gradients. 

e.  Groundwater  flow.  Information  on  permeability  and  porosity  of  sub¬ 
surface  strata,  combined  with  data  on  hydraulic  gradients.  Is  important  In 
predicting  groundwater  flow  velocities  and  in  estimating  contaminant  transport 
times. 

f.  Meteorology  and  climate.  Wind  velocity  and  direction  Is  Important  In 
determining  the  potential  for  migration  of  airborne  particulate  matter  and 
volatile  waste  constituents.  Temperature,  Including  seasonal  or  monthly  means 
and  duration  of  the  frost-free  period.  Is  Important  in  estimating  rates  of 
biological  and  chemical  reactions  In  place  and  in  evaluating  the  technical 
feasibility  of  In-place  treatment  methods.  If  possible,  data  on  soil  tempera¬ 
tures  as  well  as  ambient  temperatures  should  be  obtained,  since  they  often 
differ.  Precipitation,  Including  annual,  seasonal,  or  monthly  rain  and  snow¬ 
fall,  Is  an  Important  parameter  In  determining  a  water  balance  for  the  site 
and  In  evaluating  leachate  potential.  Evapotranspiratlon  Is  also  important  In 
developing  a  water  balance  for  the  site.  It  Is  often  estimated  from  tempera¬ 
ture  and  the  nature  of  vegetative  growth  at  the  site. 

g.  Soil  properties.  pH  is  an  Important  variable  in  evaluating  mobility 
of  many  metal  contaminants,  as  well  as  organic  acids  and  bases  and  In  design¬ 
ing  several  of  the  alternatives  discussed  In  this  report.  Cation  exchange 
capacity  (CEC)  is  an  Important  determinant  of  the  mobility  of  metallic  species 
In  soils;  If  the  CEC  Is  sufficiently  high  to  adequately  immobilize  the  heavy 
metals  present  In  the  soil,  no  further  action  may  be  necessary.  Redox 


potential  (Eh)  Is  Important  In  determining  the  stability  of  various  metallic 
and  organic  species  In  the  subsurface  environment  of  the  site.  Organic  carbon 
content  Is  a  major  variable  affecting  adsorption,  and  hence  mobility,  of 
organic  species  In  the  subsurface  environment.  Microbial  content  as  a  func¬ 
tion  of  depth  Is  an  Important  variable,  if  potentially  biodegradable  constitu¬ 
ents  are  present  in  the  waste.  Soil  type  (e.g.,  clay,  till,  sand,  fractured 
bedrock)  Is  a  major  variable  affecting  rates  and  routes  of  groundwater  migra¬ 
tion  and  contaminant  transport.  Hydraulic  conductivity  Is  important  in  deter¬ 
mining  feasibility  and  spacing  of  drains  and  wells. 

h.  Traf flcablllty.  Factors  that  affect  the  mobility  and/or  placement  of 
equipment  on  the  site  and  the  ability  to  perform  tillage  and  other  in-place 
treatment  operations  need  to  be  considered  in  a  remedial  action  design. 
Significant  variables  include  bearing  capacity,  traction  capacity,  soil 
strength,  slipperiness,  stickiness,  moisture  content,  clay  content,  presence 
of  debris,  structures  and/or  vegetation,  and  slope  of  the  terrain  (topog¬ 
raphy),  as  mentioned  earlier. 

1 .  Potentially  exposed  human  populations  and  sensitive  ecological  envi¬ 
ronments  .  Groundwater  and  surface  water  usage,  especially  downgradient  of  the 
site,  are  important  in  evaluating  risks  and  environmental  benefits  of  remedial 
alternatives.  Size  of  population  and  nature  of  ecological  resources  downgra¬ 
dient  and  downwind  of  the  site  are  also  important  variables  for  risk 
assessment . 


Examples  where  site  location  can  be  used  to  reduce  or  eliminate  the  need 
for  applying  treatment/control  problems  include: 

a.  Selection  of  sites  where  surCace  runon  and  resulting  runoff  and  con¬ 
taminant  release  are  minimized. 

b.  Selection  of  sites  that  have  underlying  natural  clay  formations  can 
minimize  potential  ground-water  contamination  concerns. 

c.  Selection  of  sites  to  avoid  aquifer  recharge  areas  can  minimize 
potential  ground-water  contamination  concerns. 

d.  Selection  of  sites  where  surface  water  discharges  are  to  large  water 
bodies  may  reduce  the  need  for  treating  liquid  wastes. 

Normally,  the  selection  of  appropriate  upland  disposal  sites  ate  related 
to  the  method  of  dredging  employed  and  the  volume  of  material  dredged.  Typi¬ 
cal  criteria  include  site  size  (which  affects  its  capacity),  distances  from 
the  site  of  dredging,  site  elevation,  and  amount  and  cost  of  site  preparation. 


When  contaminated  materials  are  dredged,  the  site  selection  process  is  more 
involved  and  includes  a  detailed  evaluation  of  the  potential  for  contaminant 
migration  through  any  one  of  the  migration  pathways.  Site  characteristics 
that  may  affect  the  need  for,  or  type  of,  treatment/control  are  listed  in 
Table  4.1. 

Site  Controls 

Covers 

Description.  Covers  are  control  measures  designed  to  seal  or  isolate  the 
surface  of  contaminated  dredged  material  from  physical,  chemical,  or  bio¬ 
logical  processes  that  could  release  contaminants  from  a  confined  upland  or 
nearshore  disposal  site.  Surface  covers  can  be  as  simple  as  a  1-  to  3-ft- 
thick  layer  of  clean  dredged  material  or  as  complex  as  a  multilayer  cap  that 
Includes  impermeable  membranes,  filters,  gas  channels,  biobarriers,  and  top 
soil.  Functions  of  a  cover  could  include  one  or  more  of  the  following: 

-  Prevent  or  minimize  surface  water  infiltration. 

-  Promote  aesthetics. 

-  Reduce  water  erosion  and  dissolution  of  contaminants  in  surface  water 
runoff . 

Reduce  wind  erosion  and  fugitive  dust  emissions. 

-  Contain  and  control  gases  and  odors. 

-  Provide  a  surface  for  vegetation  and/or  site  reclamation. 

-  Prevent  direct  bioturbation  (human  and  animal) , 

Since  these  functions  address  all  of  the  migration  pathways  (i.e.,  surface 
water,  groundwater,  air,  and  direct  contact),  some  type  of  surface  cover  will 
likely  be  a  component  of  any  upland  or  nearshore  disposal  system.  Functional 
requirements  that  must  be  met  will  depend  on  the  chemical  nature  (toxicity)  of 
the  sediment  and  the  site  characteristics. 

Design.  Reducing  surface-water  infiltration  through  contaminated  dredged 
material  and  preventing  contact  between  precipitation  and  contaminated  dredged 
material  are  cover  functions  that  are  generally  foremost  in  determining  the 
type  of  cover  to  use.  Therefore,  most  covers  include  a  layer  of  impermeable 
material.  Impermeable  materials  employed  alone  often  cannot  withstand  envi¬ 
ronmental  conditions  at  a  site.  A  multilayer  cover  system  may  be  used  to 
provide  a  reliable  barrier  to  infiltration  and  to  address  various  combinations 


Table  4.1 

Site  Characteristics  Affecting  the  Need  for  Control/Treatment  Technologies 


Site  volume 
Site  area 

Site  configuration 
Dredging  method 

Climate  (precipitation,  temperature 
wind,  evaporation) 

Soil  texture  and  permeability 

Soil  moisture 

Topography 

Drainage 

Vegetation 


Depth  to  bedrock 
Depth  to  aqulcludes 
Direction  and  rate  of 
groundwater  flow 
Existing  land  use 
Depth  of  groundwater 
Ecological  areas 
Drinking  water  wells 
Receiving  streams  (lakes,  rivers 
etc. ) 

Level  of  existing  contamination 
Nearest  receptors 


of  the  functions  listed.  McAneny  and  Hathaway  (1985)  presented  an  eight-layer 
cover  that  would  address  all  functions.  The  layers  and  their  functions  are 
listed  below  in  order  of  top  to  bottom: 

a.  Surface  layer  -  top  soil  for  vegetative  support. 

b.  Filter (s)  -  separate  fine  from  coarse  materials  and  prevent  clogging 
of  coarse  interstices  by  fine  particles. 

c.  Biotic  barrier  -  hinders  plant  roots  and  burrowing  animals  from  dis¬ 
rupting  the  layers  below,  particularly  the  hydraulic  barrier. 

d.  Drainage  -  intercepts  downward  percolating  water  and  conveys  it 
laterally  out  of  the  system. 

e.  Hydraulic  barrier  -  prevents  percolation  into  the  contaminated 
material . 

f.  Foundation  (buffer)  -  isolates  the  hydraulic  barrier  from  the  wastes 
and  serves  as  a  strong  base  to  support  the  rest  of  the  system. 

g.  Filter (s)  -  same  as  b. 

h.  Gas  control  -  intercepts  gases  evolved  from  the  contaminated  material 
and  leads  them  to  the  atmosphere  via  vents.  , 


It  Is  unlikely  chat  a  cover  for  contaminated  dredged  material  would 
Include  all  of  these  layers.  Lutton,  Regan,  and  Jones  (1979)  presented  Che 
two  examples  of  cover  shown  in  Fig.  A. 3.  Phillips  et  al.  (1985)  discussed 
potential  application  of  this  type  of  cover  to  Commencement  Bay  sediment.  The 
gravel  layer  in  Fig.  4.3  (top)  serves  as  a  blobarrier  and  as  a  gas  channel. 

The  gravel  breaks  capillary  pumping  of  moisture  from  the  dredged  material, 
reduces  upward  migration  of  contaminants  through  the  cap,  prevents  root  pene¬ 
tration  into  the  dredged  material,  and  discourages  animals  from  burrowing  Into 
the  dredged  material.  USEPA  (1985)  presented  the  RCRA-recommended  3-layer 
cover  consisting  of  an  upper  vegetative  layer  underlain  by  a  drainage  layer 
over  a  low-permeability  layer  formed  by  a  combination  of  synthetic  membrane 
and  soil  liner  with  a  permeability  of  less  than  10  cm/sec.  Of  the  different 
types  of  layers  that  could  be  used,  the  two  that  would  most  always  be  provided 
as  a  final  cover  for  contaminated  dredged  material  are  a  surface  layer  and  a 
hydraulic  barrier. 

The  different  layers  of  a  cover  can  be  composed  of  a  number  of  different 
types  of  material.  Most  commonly  used  in  cover  systems  are  soils,  but  not  all 
soils  are  suitable  for  the  different  cover  layers.  Soil  properties  that  are 
Important  to  cover  selection  and  design  are  gradation,  Atterberg  limits, 
density,  and  permeability.  Standard  laboratory  procedures  are  available  for 
determining  all  of  these  properties,  and  field  correlations  to  the  laboratory 
data  are  available  for  these  properties,  except  that  permeability  variations 
with  respect  to  field  applications  are  not  well  established  particularly  in 
the  low  range  considered  for  covers.  More  extensive  laboratory  or  bench-scale 
tests  may  be  required  to  predict  field  permeabilities  and,  hence,  the  quantity 
of  water  passing  through  a  cover  or  a  mass  of  dredged  material. 

The  Hydrologic  Evaluation  of  Landfill  Performance  (HELP)  model  uses 
climatological,  soil,  and  design  data  to  estimate  water  movement  access,  into, 
through,  and  out  of  landfills  (Schroeder  et  al.  1984),  For  planning  purposes, 
HELP  could  be  useful  in  determining  the  water  balance  for  various  cover  alter¬ 
natives.  Table  4.2  Illustrates  the  capabilities  for  various  Unified  Soil 
Classification  System  (USCS)  soil  groups  to  meet  cover  requirements.  No 
single  soil  group  will  meet  all  requirements,  thus  dictating  a  need  for  a 
multilayer  cover.  Blending  of  different  soils  is  a  technique  used  to  meet 
specific  design  requirements  for  a  particular  layer.  The  most  desirable  soil 
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Figure  A. 3,  Typical  cover  system  design  (Lutton  et  al.  1979) 

types  may  not  be  available  locally.  Tradeoffs  must  be  made  based  on  environ¬ 
mental  Impacts,  reliability,  costs,  availability  of  soils,  and  other  factors. 

A  number  of  soil  additives  or  treatments  are  available  to  improve  on  the 
capabilities  of  soil  to  meet  the  function  required  of  a  cover.  These  addi¬ 
tives  include  chemical  stabilizers,  asphalt,  cement,  lime,  fly  ash,  chemical 
dispersants,  swell  reducers,  and  bentonite.  These  materials  are  mixed  with  a 
layer  of  soil  and  usually  with  water  to  create  a  stronger  and  less  permeable 
cover  layer.  Ehrenfeld  and  Bass  (1983)  presented  a  long  list  of  soil  addi¬ 
tives  that  can  be  considered.  Applicability  of  these  materials  and  design  of 
a  system  using  these  materials  depend  on  the  type  of  soil  available  and  the 
desired  effectiveness. 

Flexible  synthetic  membranes  are  available  to  serve  as  hydraulic  barriers 
in  combination  with  layers  of  soil.  Membranes  made  from  polyvinyl  chlo¬ 
ride  (PVC),  chlorinated  polyethylene  (CPE),  ethylene  propylene  rubber,  butyl 
rubber,  Hypalon,  neoprene,  and  elastlcized  plyolefln  are  available.  These 
membranes  are  delivered  (in  rolls  of  various  width)  to  the  field  where 
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adjoining  sheets  are  spliced  together,  '"he  integrity  of  the  seam  is  often  a 
question  mark  for  reliability  of  the  seal.  However,  higher  quality  seams  com¬ 
monly  are  achieved  by  modern  seaming  methods  and  quality-control  practices 
(McAneny  and  Hatheway  1985).  Care  is  necessary  during  liner  installation  and 
subsequent  soil  covering  to  avoid  penetrating  the  membrane  with  construction 
equipment.  Manufacturers  generally  guarantee  a  liner  to  remain  Impermeable 
for  20  years  or  longer.  However,  marine  environments  are  often  not  addressed 
by  manufacturer's  claims.  There  is  some  concern  about  compatibility  of  liners 
with  waste  materials,  particularly  where  organic  or  corrosive  vapors  are 
possible.  Laboratory  tests  (liner  challenges)  are  available  for  assessing 
this  possibility.  However,  for  the  concentrations  experienced  in  contaminated 
dredged  material,  liner  compatibility  is  not  expected  to  be  a  problem. 

Synthetic  membranes  depend  on  the  soil  layers  placed  above  and  below  them 
for  reliability  and  protection.  The  layer  below  the  membrane  is  usually  a 
fine-  to  medium-grade  fill  that  will  support  the  weight  of  the  entire  cap  and 
not  abrade  the  liner.  A  drainage  layer  is  usually  employed  above  the  syn¬ 
thetic  membrane  or  other  hydraulic  barrier.  Permeability  of  the  drainage 
layer  should  be  on  the  order  of  10  cm/sec  (USEPA  1985). 

Vegetative  layers  of  a  multilayer  cap  usually  exceed  2  ft  in  thickness, 
but  may  be  greater  depending  on  the  depth  of  frost  penetration,  the  maximum 
depth  of  root  penetration,  and  the  rate  of  soil  erosion  at  the  surface.  The 
type  of  vegetation  selected  should  be  suited  to  local  conditions.  Generally, 
grass  or  nonwoody  vegetation  with  limited  maintenance  requirements  is  recom¬ 
mended  (USEPA  1985). 

Tests  for  Design.  Design  of  a  cap  for  contaminated  dredged  material 
depends  on  selection  of  the  proper  capping  materials,  usually  soils,  and  qual¬ 
ity  control  during  construction.  The  tests  for  accomplishing  these  require¬ 
ments  are  standard  laboratory  and  field  procedures.  A  listing  of  the 
principal  soil  tests  with  each  procedure  referenced  to  several  standard 
manuals  is  presented  in  Part  VI 1.  In  addition,  liner  compatibility  tests  may 
be  in  order  for  sites  where  extremely  high  contaminant  concentrations  are 
anticipated.  Shafer  et  al.  (1984)  discussed  chemical  compatibility  of  syn¬ 
thetic  liners  and  referenced  the  pouch  test  for  liner  compatibility  presented 
by  Haxo  (1980).  For  this  test  waste  fluid  is  placed  in  a  small  pouch  made 
i rom  the  membrane  material.  The  pouch  is  immersed  in  deionized  water  and 
changes  in  pouch  weight,  water  ph ,  and  water  electrical  conductivity  are 


monitored  to  provide  an  estimate  of  the  relative  permeability  of  a  liner 


material. 


Evaluation  Factors.  Reliability  of  a  cover  Is  dependent  on  the  design 
and  complexity  of  the  cover.  A  cover  system  with  a  number  of  layers  will  be 
more  reliable  than  one  with  fewer  layers.  However,  compared  to  an  uncovered 
site,  a  single  well-selected  and  well-constructed  cover  will  Improve 
reliability  of  the  site. 

Covers  are  susceptible  to  failure  due  to  root  penetration,  consolidation 
of  underlying  material,  adverse  weather  conditions,  and  disturbance  at  the 
surface  by  man  or  animals.  Whether  soil  covers  are  more  or  less  reliable  than 
synthetic  covers  Is  a  subject  of  debate.  Membranes  are  less  susceptible  to 
moisture  changes  and  are  more  Impermeable,  but  the  chance  for  failure  is 
greater  due  to  Improper  Installation.  Improper  seaming  techniques  or  puncture 
by  equipment  are  significant  concerns.  The  most  reliable  cover  system  would 
be  one  that  has  multiple  layers  to  meet  the  functional  needs  of  the  site  and, 
to  limit  percolation.  Include  an  Impermeable  soil  layer  or  a  synthetic 


membrane . 


Covers  have  proven  Implementabllity  and  have  been  widely  applied  at 
sanitary  landfills  and  hazardous  waste  disposal  sites.  They  are  familiar  to 
the  construction  Industry  and  design  engineers.  Soil  covers  require  suitable 
soils,  which.  If  not  available  at  the  site,  can  Increase  cost.  A  wide  variety 
of  synthetic  materials  are  available.  Implementation  may  be  delayed  or 
troubled  by  dewatering  and  consolidation  of  the  dredged  material  to  a  traffic- 
ability  condition  and  moisture  content  suitable  for  installation  of  the  cover. 

Technical  effectiveness  of  a  cover  could  be  related  to  the  particular 
functional  design  of  a  cover.  Covers  can  be  designed  to  be  technically 
effective  in  blocking  most  of  the  migration  pathways.  Klimlnatlon  of  percola¬ 
tion  through  a  cover  would  be  difficult  to  guarantee,  but  it  could  be 
minimized  to  a  degree.  In  combination  with  other  control  measures,  to  meet 
most  environmental  protection  goals. 

Environmental  concerns  associated  with  covers  will  be  site  specific  and 
depend  on  the  land  use  of  the  site  prior  to  dredged  material  disposal.  A 
covered  site  generally  would  not  provide  the  habitat  and  diversity  of  vegeta¬ 
tion  and  species  and  the  visual  qualities  of  a  previously  idle  land  area. 
However,  covers  would  generally  enhance  the  environment  compared  to  an  uncov¬ 
ered  dredged  material  disposal  site. 
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Covers  are  an  Integral  part  of  any  system  designed  to  protect  the  safety 
of  the  public.  Safety  of  workers  Installing  the  cover  must  comply  with  OSHA 
requirements.  Covers  minimize  airborne  releases  of  contaminants. 

Once  Installed,  covers  do  not  have  any  operational  requirements,  but 
maintenance  Is  required  over  both  the  short  term  and  long  term,  primarily  for 
the  vegetative  component.  For  effective  vegetation  of  the  most  desirable 
type  to  survive  and  to  prevent  unwanted  vegetation,  mowing  and  fertilization 
are  recommended.  Reclamation  of  the  site  for  other  uses  (e.g.,  paving  with 
concrete  or  asphalt)  could  eliminate  maintenance  of  the  cover,  as  such. 

There  are  currently  no  state  or  Federal  regulatory  requirements  that 
relate  specifically  to  the  need  or  design  for  covers  of  contaminated  dredged 
material.  One  could  expect  that  the  to-be-publlshed  sections  of  the  State  of 
Washington  regulations  for  dredged  material  disposal  will  address  this  Issue. 

A  cover  will  be  very  Important  to  public  acceptability  of  any  disposal 
alternative  for  contaminated  dredged  materials.  Well-maintained  vegetative 
covers  should  have  little  problem  gaining  public  acceptance. 

Surface-Water  Controls 

Control  of  surface  water  In  and  around  a  disposal  site  should  be  Included 
in  the  plans  for  management  of  all  sites.  The  overall  objective  of  surface 
water  controls  is  to  minimize  the  volume  of  water  that  becomes  contaminated 
via  contact  with  the  contaminated  sediment.  Surface-water  controls  are 
selected  and  designed  to  accomplish  this  objective  by  preventing  surface  water 
runon  from  areas  adjacent  to  the  disposal  site,  by  draining  the  disposal  site 
efficiently  to  reduce  infiltration  and  leachate  generation,  and  by  preventing 
erosion  and  sediment  loss  from  the  cover  of  the  site.  Surface-water  controls 
also  aid  in  collecting  and  transferring  water  that  may  be  contaminated  to 
treatment  or  disposal  systems. 

Control  Measures.  Surface-water  control  methods  are  well  established  and 
are  familiar  to  the  engineering  and  construction  industry.  The  period 
immediately  following  placement  of  the  site's  cover  is  particularly  critical 
for  having  adequate  surface-water  control  measures  because  vegetation  Is  not 
well  established  and  the  bare  soil  is  unprotected  from  erosion  forces.  Some 
surface-water  controls  are  designed  for  this  initial  period  of  site  operation 
and  may  be  considered  temporary.  Lee  et  al.  (1985b)  provided  a  detailed  dis¬ 
cussion  of  management  practices  of  Corps  of  Engineers  construction  sites. 
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Table  4.3  lists  surface-water  control  measures  and  their  duration  of  use  at 
disposal  sites. 

Dikes  and  berms.  Runoff-control  dikes  are  earthen  ridges  designed 
to  direct  or  retain  surface  runoff  to  reduce  slope  length  or  to  protect  a  site 
from  floodwater.  Generally,  a  dredged  material  confined  disposal  facility  is 
diked  on  all  sides  In  order  to  contain  the  dredged  material  during  settling, 
consolidation,  and  drying.  Such  facilities  do  not  require  additional  diking 
for  preventing  surface  water  from  running  onto  the  site.  Dikes  for  contain¬ 
ment  areas  have  been  evaluated  by  the  DMRP  and  will  be  discussed  in  Appendix  D 
of  this  report. 

Additional  diversion  dikes  or  berms  are  applicable  where  a  con¬ 
tainment  area  Is  constructed  at  the  base  of  a  slope  and  is  not  diked  on  all 
sides.  Containment  areas  for  contaminated  sediment  constructed  In  a  floodplain 
may  require  additional  dike  construction  to  prevent  overtopping  during  floods 
or  above  average  tides.  Flood-control  dike  design  depends  on  the  level  of 
protection  required.  Ehrenfeld  and  Bass  (1983)  presented  three  classes  of 
flood-control  dikes  as  shown  In  Table  4.4.  Procedures  for  design  of  flood- 
control  sites  are  available  from  a  number  of  agencies  including  the  Corps  of 
Engineers  and  the  Soil  Conservation  Service.  Runoff-control  dikes  are  smaller 


Table  4.3 

Normal  Duration  of  Surface  Water  Diversion  and  Collection  Measures* 


Downplpes 

Seepage  ditches  and  basins 
Sedimentation  basins 
Levees 
Ploodwalls 


Temporary 

Temporary 

Temporary 

Temporary 

Permanent 


*  USEPA  (1985). 


Table  4.4 

Classes  of  Flood-Control  Dikes* 


Class 


Site  Conditions 


Class  I  Maximum  protection  against 

flooding  Is  required 


Water  levels  ^4  m  (13  ft) 
above  normal  ground  level 
are  expected 


Class  II  Moderate  protection  required 

Water  levels  <4  m  (13  ft) 
above  normal  ground  level 
are  expected 


Class  III  Minimum  protection  required 

Water  levels  <2  m  (7  ft)  for 
mineral  soils  and  <1.3  m 
(4  ft)  for  organic  soils  are 
expected 


_ Design  Requirements 

Design  height  equals  depth  of 
record,  100  year,  or  50  year 
flood,  plus  wave  allowance  in 
excess  of  60  cm  (2  ft) 


Cross-section  design  based  on 
wave  action,  site  exposure,  and 
soil  stability  analysis 

Stable  mineral  soil  required 
in  foundation  and  embankment 

Design  height  equals  depth  of 
25-year  flood  or  greater. 

A  less  stringent  design  may 
be  used  if  fuse  plug  sections 
or  other  relief  measures  are 
included  in  the  design 

Cross-section  design  based  on 
design  water  height 

Design  based  on  SCS  state 
standards  for  specific  site 
condition 


*  Based  on  Engineering  Standard  for  Dikes  -  Code  356,  SCS,  National 
Engineering  Handbook.  Source:  SCS  (1973)  as  reported  in  Ehrenfeld  and 
Bass  (1983) . 

structures  requiring  much  less  reliability  in  performance.  Typical  runoff- 
dike  requirements  are  provided  in  Table  4.5. 

Grading.  Grading  is  reshaping  the  surface  of  a  site  in  order  to 
manage  surface  water  infiltration  while  controlling  erosion.  An  undulating 
surface  will  pond  precipitation  and  increase  infiltration  into  the  con¬ 
taminated  material.  Grading  smooths  the  surface  and  covers  the  low  spots  to 
improve  drainage  at  the  surface.  Slope  lengths  and  gradients  are  chosen  to 
provide  adequate  drainage  while  avoiding  water  velocities  that  would  erode  the 


Table  4.5 

Runoff-Dike  Requirements 


Parameter 

Height 


Typical 

_ Requirement _ 

0.45  m  (1.5  ft)  minimum 


_ Comments _ 

9  cm  (4  in.)  freeboard 
required  if  used  as  a 
diversion 


Top  width 


0.6  m  (2  ft)  minimum 


1.2  m  (4  ft)  if  used  as 
a  diversion 


Side  slope 
Drainage  area 
Design  life 


2:1  (50%)  or  flatter 
4  2 

2x10  m  (5  acre)  maximum 


1  year 


Can  be  extended  if 
stabilized  and  well 
maintained 


Grade 


Stabilization 


Should  be  positive 

Required  is  slope  is 
over  5% 


Source:  USEPA  (1976). 

surface.  It  is  important  that  vegetation  be  established  as  soon  as  possible 
after  grading  to  protect  the  surface  soil  from  erosion  by  raindrop  Impact. 

Requirements  for  grading  a  dredged  material  containment  area  will 
depend  on  the  method  of  filling  and  dewatering  the  containment  area.  Where 
the  dredged  material  is  hydraulically  dredged  f  ine-grair.- ,1  material,  the  sedi¬ 
ment  surface  will  be  relatively  uniform  and  slope  to  the  outlet  weir. 
Mechanically  dredged  fine-grained  material  may  also  slump  to  a  uniform  slope. 
Sandy  material  and  very  cohesive  fine  material  may  be  deposited  in  mounds  or 
irregular  shapes  near  the  inlet.  Once  filling  of  a  confined  disposal  facility 
is  completed,  the  site  is  usually  ditched  to  provide  for  dewatering  the  sur¬ 
face  and  allow  runoff  of  precipitation.  Grading  at  this  point  would  not  be 
necessary.  If  the  site  is  to  be  covered  with  an  impermeable  material,  then 
grading  would  likely  be  required  to  reshape  the  surface.  However,  as  will  be 
facility  can  be  dewatered  only  near  its  surface.  The  drier  layer  of  material 
in  the  site  will  crust  over,  but  will  not  support  conventional  earthmovlng 
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equipment.  Grading  is  applicable  only  where  subsurface  drainage,  site  manage¬ 
ment  techniques  to  minimize  lift  thickness,  or  other  means  have  been  provided 
to  more  completely  dewater  the  site.  Where  a  site  is  dry  enough  for  con¬ 
ventional  grading  equipment,  the  techniques  shown  in  Table  4.6  may  be  used. 

Channels  and  waterways.  Surface  water  collected  at  a  site  must  be 
conveyed  away  from  the  site  into  a  drainage  system  or  stream.  This  may  be 
accomplished  by  a  system  of  channels  or  by  waterways.  Channels  are  excavated 
ditches  that  are  generally  wide  and  shallow  with  trapezoidal,  triangular,  or 
parabolic  cross  sections.  Channels  or  ditches  in  a  confined  disposal  facility 
are  key  to  draining  and  drying  out  the  surface  and  may  also  collect  and 
transfer  rainfall  runoff  to  storage  or  treatment  facilities  or  to  a  discharge 
point.  Channels  and  ditches  outside  the  confined  disposal  facility  can  be 
used  to  reduce  slope  length  and  prevent  erosion.  Earthen  channels  must  be 
protected  from  the  erosive  action  of  flowing  water.  UTiere  velocities  are  low, 
vegetation  will  stabilize  the  channel  surfaces.  For  greater  velocities,  rock 
riprap  or  concrete  lining  may  be  necessary.  Waterways  used  in  combination 
with  a  dike  or  berm  are  called  diversions  and  may  be  used  to  divert  rainfall 
runoff  away  from  a  contaminated  area.  Figure  4.4  shows  a  typical  drainage 
ditch  at  the  base  of  a  confined  disposal  facility  (CDF).  Typical  design 
criteria  for  channels  and  waterways  are  given  in  Table  4.7. 

Chutes  and  downpipes.  Chutes  and  downplpes  are  control  structures 
used  to  convey  rainfall  runoff  down  a  steep  earthen  embankment  without  eroding 
the  embankment.  Chutes  (or  flumes)  are  open  channels  lined  with  a  nonerodible 
material  such  as  concrete  or  grouted  rock  riprap.  Downpipes  are  used  for 
small  drainage  areas  (less  than  b  acres)  and  may  be  corrugated  metal,  plastic, 
or  other  types  of  piping.  Flexible  tubing  of  heavy-duty  fabric  is  sometimes 
used  (L'SEPA  1985).  Examples  of  a  chute  and  downplpe  are  shown  in  Fig  4.5 
and  4.6,  respectively. 

Terraces  and  benches.  Terraces  and  benches  direct  water  flow  and 
reduce  slope  length  in  order  to  reduce  erosion  of  sloping  land.  They  arc 
similar  to  diversions  but  are  employed  as  a  system  of  two  or  more  small  benr.s , 
Two  types  of  terraces  are  gradient  terraces  and  parallel  terraces.  Gradient 
terraces  follow  the  cross-slope  contour  elevation  and  usually  outlet  to 
vegetated  waterways.  Parallel  or  level  terraces  are  equally  spaced  regardless 
of  the  slope  contour  and  outlet  through  underground  pipes. 
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Figure  4.4.  Typical  drainage  ditch  at  base  of  disposal  site  (USEPA  1985) 

Most  confined  disposal  facilities  would  not  have  slopes  inside  the 
dikes  that  were  steep  enough  to  justify  a  terrace  system.  Terrace  or  benches 
would  be  more  applicable  to  an  area  outside  the  diked  area  that  had  been  dis¬ 
turbed  during  construction  and  required  erosion  control. 

Sedimentation  ponds.  Sedimentation  ponds  used  as  site  control  mea¬ 
sures  remove  suspended  sediment  produced  by  rainfall  runoff.  Sedimentation  as 
a  treatment  process  will  be  discussed  in  the  section  on  liquid  waste  treat¬ 
ment.  Sedimentation  ponds  may  be  needed  for  reducing  the  discharge  of  uncon¬ 
taminated  suspended  sediment  from  areas  disturbed  by  construction  of  the 
confined  disposal  facility.  The  design  of  these  facilities  depends  on  the 
flowrate,  Influent  sediment  concentration,  required  effluent  sediment  concen¬ 
tration,  and  the  particle-size  distribution  of  the  sediment.  For  coarse  mate¬ 
rials  discrete  settling  occurs  and  the  pond  can  be  designed  using  Stoke 's  Law. 
For  fine-grained  materials,  laboratory  settling  tests  as  will  be  described  for 
dredged  material  should  be  performed.  Removal  of  clay  and  colloidal  material 
may  require  chemical  addition  to  achieve  a  high  quality  effluent. 

Summary .  A  variety  of  surface-water  control  measures  are  available 
for  collecting  and  controlling  rainfall  runoff  and  for  preventing  erosion  at  a 
site.  These  commonly  used  measures  are  familiar  to  the  construction  industry, 
and  procedures  for  their  design  are  well  documented  in  publications  of  the 
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SECTION  B-B 


Figure  4.5.  Paved  chute  (or  flume)  (USEPA  1985) 

USEPA,  USDA  Soil  Conservation  Service,  and  the  Corps  of  Engineers.  Any  of 
these  control  measures  could  be  applied  at  a  site  where  contaminated  sediment 
Is  handled  and  disposed  as  a  solid  or  for  areas  surrounding  a  confined  dis¬ 
posal  facility.  However,  use  of  these  measures  Inside  the  dikes  of  a  confined 
disposal  facility  may  not  be  critical  because  the  dredged  material  surface  is 
relatively  flat.  Construction  problems  could  arise  when  the  crust  on  fine¬ 
grained  dredged  material  would  not  support  operation  of  conventional  earth- 
moving  equipment. 

Design  Considerations.  Designs  of  surface-water  control  measures  are 
well-established  techniques  that  are  published  by  the  Corps  of  Engineers,  the 


Rainfall  amount  for  design  storm 
Type  of  rainfall  (Intensity,  duration) 

Soil  characteristics 
Type  of  vegetative  cover 

These  data  are  dependent  on  the  site  and  local  climate.  From  this  Infor¬ 
mation  the  peak  rate  of  discharge  for  the  site  or  for  subareas  of  the  site  can 
be  predicted.  This  discharge  rate  dictates  the  capacity  of  ditches,  conduits 
and  other  water  conveyances.  Manning's  equation  for  open-channel  flow  Is 
generally  used  to  size  water  conveyances  for  the  required  flow. 

If  slope  stability  or  erosion  Is  a  problem,  then  diversions,  terraces, 
grading,  chutes,  vegetation,  riprap,  or  other  measures  may  be  necessary  to 
decrease  the  slope  length  and/or  decrease  water  velocity.  Estimates  of  soil 
erosion  are  generally  made  using  the  Universal  Soil  Loss  Equation  (USLE) 

(USDA  1978).  Data  input  to  the  USLE  include  the  slope  length,  slope  grade, 
rainfall  intensity,  cover,  soil  type,  and  management  practices.  Erosion- 
control  practices  such  as  terraces,  diversion,  improved  vegetative  cover,  etc. 
can  be  employed  to  reduce  the  erosion  rate  to  a  tolerable  range. 

The  design  value  that  has  the  greatest  Influence  on  the  cost  of  surface 
control  measures  is  the  quantity  of  soil  to  be  moved  for  installation  of  the 
various  measures.  Standard  engineering  practices  can  be  used  to  compute  this 
value  given  the  topography  of  the  site,  the  soil  characteristics,  and  the 
specifications  of  the  control  measures.  Soil  characteristics  important  to  the 
design  of  surface-water  control  measures  are: 

Type  —  uses  or  USDA  classification 

Grain  size 

Organic  content 

Nutrient  and  pH  levels 

Water  content 

Permeability 

Runoff  characteristics 

Depth  of  subsurface  Impermeable  strata 

Depth  to  seasonal  high  water  table 

For  details  regarding  design  of  surface-water  control  measures,  the  reader  is 
referred  to  USEPA  (1985),  Ehrenfeld  and  Bass  (1983),  Lee  et  al.  (1985b),  and 
Soil  Conservation  Service  (1977). 


Evaluation  Factors.  Surface-water  control  measures  are  well  established 
and  In  the  short  term  are  very  reliable.  Long-term  continuous  reliability  is 
dependent  on  frequent  inspection,  maintenance,  and  performance  checks.  Lack 
of  quality  control  during  construction  and  lengthy  periods  of  time  before 
establishment  of  vegetation  detract  from  reliability  of  these  controls. 
Surface-water  controls  are  designed  on  the  basis  of  a  selected  frequency-of- 
occurrence  storm,  usually  10  or  25  years.  Storms  exceeding  the  design  rain¬ 
fall  are  possible  and  could  cause  failure  of  the  control.  The  consequences  of 
failure  of  a  surface-water  control  measure  are  dependent  on  the  site  and  the 
amount  of  contaminants  released. 

Surface-water  controls  can  be  easily  and  rapidly  implemented  on  dewatered 
sites  using  readily  available  equipment  and  materials  and  local  contractors 
(USEPA  1985).  For  confined  disposal  facilities  that  do  not  have  provisions 
for  dewatering,  specialized  equipment  would  be  required  to  implement  earth- 
moving  techniques  commonly  used  for  constructing  surface-water  control 
measures . 

Surface-water  control  measures  that  are  properly  engineered  and  con¬ 
structed  are  very  effective  in  managing  surface  water.  Compared  to  a  site 
without  surface-water  controls,  a  site  with  an  adequate  surface-water  control 
system  should  measurably  reduce  release  of  sediment  and  contaminants.  The 
magnitude  of  the  reduction  depends  on  site  conditions. 

Surface-water  controls  produce  positive  effects  on  the  environment  by 
reducing  erosion  and  aiding  in  containment  of  contaminants. 

No  unusual  safety  precaution  are  required  for  surface-water  control  mea¬ 
sures  Installed  for  dewatered  sites.  Construction  of  control  measures  on  wet 
dredged  material  may  be  dangerous  for  equipment  operators. 

Most  surface-water  control  measures  require  periodic  inspection  and  main¬ 
tenance,  particularly  during  periods  of  heavy  rainfall.  Vegetation  must  be 
managed  to  prevent  erosion  of  ditches  and  berms.  Accumulations  of  sediment 
deposited  in  ditches  and  along  terraces  and  diversions  must  be  removed. 

Costs  of  surface-water  control  measures  have  been  summarized  by  USEPA 
(1985)  as  shown  in  Tables  4.8  and  4.9.  Costs  of  earthwork  is  dependent  on 
site  conditions  and  regional  economics.  Working  with  wet  dredged  material 
will  Increase  costs  above  those  shown  in  the  tables.  Consequently,  all  cost 
estimates  for  surface-water  control  measures  should  be  determined  on  a  site- 
specific  basis. 


Table  4.8 

Unit  Costs  Associated  with  Gradlns  Site  for  Coverins  Disposal*  -> 


Reference 

Description  Unit  Cost  Source** 


Topsoil  (sandy  loam)  from  borrow  $15/yd^  1 

pits,  excavation,  hauling,  spread¬ 
ing,  and  grading  (within  25  miles); 
labor,  materials,  and  equipment 

On-site  excavation,  hauling,  $2. 02-3. 86/yd®  1 

spreading,  and  compaction  of 
earth  (1,000-5,000  ft  haul); 
labor  and  equipment  only 

Sandy  loam  topsoil;  material  $2. 25/yd®  1 

only 

Excavate,  haul  2  miles,  spread  $6. 65-6. 72/yd®  1 

and  compact  loam,  sand,  or 

loose  gravel  (with  front-end 

loader);  labor,  material,  and 

equipment 

Grading,  site  excavation,  and  2 

fill  (no  compaction); 

75  hp  dozer,  300  ft  haul  $3. 39/yd® 

300  hp  dozer,  300  ft  haul  $2. 34/yd® 

Field  density  compaction  $104/day  1 

testing  of  soils 


*  Source:  USEPA  (1985) 

**  Entries  in  this  column  indicate  references  cited  by  USEPA  (1985):  1  and 

2  represent  McMahon  (1984)  and  Godfrey  (1984),  respectively. 

Regulatory  agencies  generally  require  that  uncontaminated  surface-water 
runoff  be  segregated  from  contaminated  surface  water  or  site  drainage  water. 
Since  design  for  these  surface  water  controls  is  site  specific,  most  regula¬ 
tory  design  requirements  are  not  specified  other  than  that  they  conform  to 
good  engineering  practice  and  that  they  handle  water  from  a  particular  design 
storm.  Typical  design  storms  for  runoff  control  are  the  lO-year/24-hour  or 
the  2 5-year/24-hour  storms. 

Surface-water  controls  create  little  adverse  public  reaction.  Care  in 
minimizing  destruction  of  vegetation  during  construction  and  giving  attention 
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Table  4.9 

Unit  Costs  Associated  with  Surface  Water 
Diversion  and  Collection  Structures* 


_ Description 

Excavation,  hauling, 
grading  (spreading 
and  compaction) 

Trench  excavation 


o  Loam,  sand,  and  loose 
gravel 

1-6  ft  deep,  1/2:1  sides 
6-10  ft  deep 

o  Compacted  gravel  and 
till 

1-6  ft  deep,  1/2:1  sides 
6-10  ft  deep 

Building  embankments; 
spreading,  shaping, 
compacting 

o  Material  delivered  by 
scraper 

o  Material  delivered  by 
back  dump 

Placement  of  ditch 

liner  pipe,  1/3  section 

15-in.  radius 
18-ln.  radius 
24-in.  radius 


Applicable 

Structures** 


D/B;  D/D/W;  BT; 
L;  DT/B 


D/D/W;  drainage 
benches;  C/D 


(Continued) 


See  Table  4.9 


$0.84  -  $1.00/yd^ 
$0.84  -  $0.99/yd3 


$0.84  -  $1.18/yd^ 
$0.84  -  $1. 06/yd® 


$0.42  -  $0. 83/yd- 


$0.89  -  $1.31/yd- 


$15/ft 

$20/ft 

$30/ft 


Reference 
Cost  Data 
Sourcet 


*  Source:  USEPA  (1985). 

**  D/B,  dikes  and  benas;  D/D/W,  ditches,  diversion,  and  waterways; 

BT,  bench  terraces;  C/D,  chutes  and  downplpes;  L,  levees; 

DT/B,  drainage  trenches  and  basin,  SB,  sediment  basins, 
t  Entries  In  this  column  Indicate  references  cited  by  USEPA  (1985): 

1-McMahon  (1984);  2-Godfrey  (1984);  3-personal  communication,  C.  Klikas, 
Envlronetlcs ,  Inc.,  Brldgeview,  IL  (1985);  and  4-Vlrginia  SWCC  (1980) 
updated  to  1985  dollars  using  Engineering  News-Record  Construction  Index. 

(Sheet  1  of  3) 


Table  4.9  (Continued) 


Description 

Applicable 

Structures** 

Cost 

Reference 
Cost  Data 
Sourcet 

Catch  basin  sump. 

L;  DT/B 

$217.77  each 

1 

3ftx4ftxl.5ft 

Corrugated  galvanized 

DT/B 

steel  underdrain  pipe, 

asphalt-coated 

perforated; 

I2-in.  diameter,  16  gauge 

$21/ft 

1 

18-ln.  diameter,  16  gauge 

$30/ft 

1 

Corrugated  galvanized 

C/C;  SB 

metal  pipe,  with  paved  invert 

18-ln.  diameter,  14  gauge 

$34. 12/ft 

1 

36-ln.  diameter,  12  gauge 

$86. 83/ft 

1 

48-ln.  diameter,  12  gauge 

$65. 12/ft 

1 

Steel  sheet  piling; 

L  (seepage 

control) 

15-ft  deep,  22  Ib/ft^ 

$10. 65/ft* 

2 

20-ft  deep,  27  Ib/ft^ 

$12. 35/ft* 

2 

25-ft  deep,  38  Ib/ft^ 

$15. 70/ft* 

2 

backflow  preventer; 

L  (drainage 

$9,250  each 

2 

y:ate  valves,  auto¬ 

control) 

matic  operation. 

‘langed,  10  In. 

diameter 

Floating  baffles 

SB 

$15  -  $50/ft 

3 

Sump  pumps,  10-ft  head. 

L  (backwater 

automatic 

drainage) 

Bronze 

$25  -  $505  each 

2 

Cast  Iron 

$145  -  $292  each 

2 

Revegetation,  mulch¬ 

D/B;  D/D/W;  BT; 

See  table 

2,3 

ing,  maintenance 

L 

(Continued) 
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Description 


Loose  gravel,  excava- 
vatlon,  loading, 
hauling  5  miles, 
spreading  and  compacting 


Stone  riprap;  dumped 
from  trucks,  machine- 
placed 


Soil  testing: 


liquid  and  plastic 
limits 

hydrometer  analysis 
specific  gravity 
moisture  content 
permeability 
Proctor  compaction 
shear  tests 
trlaxlal 
direct  shear 


Temporary  diversion 
dike 


Temporary  sediment 

construction,  drainage 
area : 

1-25  acres 
50-75  acres 
75-100  acres 
100-125  acres 


Sediment  removal  from 
basins 


Paved  flume.  Installed 


Level  spreader  con¬ 
struction 


Table  4.9  (Concluded) 


Applicable 

Structures** 


All  (slope  pro¬ 
tection;  drain¬ 
age) 


All  (slope 
protection; 
channel  &  outlet 
stabilization) 


All  (preconstruc¬ 
tion  evaluation) 


C/D;  SB 


D/B;  D/D/W; 
BT;  C/D 


Reference 
Cost  Data 
Sourcet 


$8  -  $8.50/yd- 


$21/yd= 


$30/test 


$50/test 
$7. 15/test 
$65/test 

$110  -  $120/test 


$150  -  $280/test 
$95  -  $260/test 


$1.31  -  $2.62/ 
linear  foot 


$394 

$3,942 

$6,470 

$8,340 


$2,082 

$6,470 

$8,340 

$10,913 


$3.95  -  $9.10/yd= 


$26.30  -  $39.92/yd=“ 


$3.23  -  $6.47/ 
linear  foot 
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to  visual  quality  will  ensure  that  these  measures  are  acceptable  to  the 
public . 

Liners 

Lining  a  site  is  a  technique  designed  to  contain  leachate  within  the  site 
and  minimize  groundwater  contamination.  A  variety  of  liner  materials  are 
available  for  use  in  confined  disposal  operations.  Principal  characteristics, 
advantages,  and  disadvantages  of  liners  and  flexible  membranes  are  listed  in 
Table  4.  10.  Soil  liners  are  suitable  for  use  as  the  only  liner  in  most 
dredged  material  upland  and  nearshore  sites.  However,  in  certain  upland 
applications,  a  combination  of  synthetic  membrane  and  soil  liner  may  be 
required  to  achieve  maximum  containment  of  contaminants.  To  ensure  continued 
effectiveness  of  the  liners  whether  soil  or  flexible  membrane,  they  must  be 
compatible  with  the  dredged  material  and  leachate  they  are  to  contain  and  be 
properly  Installed.  (Phillips  et  al.  1985) 

Flexible  Membranes.  Synthetic  membrane  technology  is  new  and  a  variety 
of  synthetic  materials  and  compounds  are  being  manufactured,  tested,  and 
marketed  (Table  4.10).  The  various  membranes  being  produced  vary  not  only  in 
physical  and  chemical  properties  but  also  in  installation  procedures,  costs, 
and  chemical  compatibility  with  waste  fluids.  The  liners  range  in  thickness 
from  20  to  140  mil  and  are  made  from  polymers  of  rubber,  plastics  such  as  PVC, 
polyolefins,  and  thermoplastic  elastomers. 

Since  the  prime  ourpose  of  the  liner  is  to  prevent  leachate  from  escaping 
the  disposal  site,  the  physical  integrity  and  chemical  compatibility  of  the 
liner  with  the  leachate  and  dredged  material  must  be  ensured.  Potential 
incompatible  combinations  of  wastes  and  liners  include: 

-  Polyvinyl  chloride  (PVC)  tends  to  be  dissolved  by  chlorinated  solvents. 

-  Chlorosulfonated  polyethylene  can  be  dissolved  by  aromatic 
hydrocarbons . 

-  Asphaltic  materials  may  be  dissolved  by  oily  wastes. 

Expected  life  of  synthetic  liners  is  less  than  30  years.  In  general, 
most  polymeric  material  tend  to  swell  when  exposed  to  fluids.  Crosslinking  or 
vulcanizing  a  polymer  or  rubber  will  reduce  its  ability  to  swell  in  a  solvent. 
Swelling  usually  has  adverse  effects  on  a  polymer  material.  Some  of  the  major 
effects  of  swelling  are: 

-  Softening. 

-  Loss  of  tensile  and  mechanical  strength  and  elongation. 


k 


L  -  #1  to  $4  Installed  costa  per  sq.  yd.  In  1981  dollars;  M  -  $4  to  $8  per  sq.  yd.;  H  -  $8  to  $12  per  sq.  yd.  Adapted  from  Technologies 
and  Management  Strategies  for  Hazardous  Waste  Control,  Office  of  Technology  Assessment,  Congress  of  the  US  (1983). 


Table  4.10  (Continued) 
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-  Increased  permeability  and  potential  for  creep. 

-  Increased  susceptibility  to  polymer  degradation. 

Synthetic  membranes  are  also  subject  to  biological  and  ultraviolet  light 
degradation.  Membrane  installations  may  be  difficult  in  areas  of  tidal  fluc¬ 
tuation  or  high  groundwater  table.  Synthetic  membranes  are  subject  to  leaks 
at  f ield-jointed  seams  and  are  not  self-sealing  if  punctured.  Physical  and 
chemical  integrity  is  highly  site  specific  and  depends  upon  liner  com¬ 
patibility  with  both  dredged  material  and  leachate. 

Table  4.11  shows  the  range  of  synthetic  membrane  costs  in  confined  dis¬ 
posal  areas. 

Soil  Liners.  Soil  liners  are  generally  adequate  for  most  dredged  mate¬ 
rial  disposal  sites  and  can  be  used  on  the  sides  and  bottom  of  confined  dis¬ 
posal  areas  containing  contaminated  material.  In  general,  clay  is  a  good 
liner  material  that  is  not  only  relatively  inert  to  chemical  attack  but  will 
also  act  as  a  filter,  sorbing  many  contaminants  from  the  leachate  (Kelley 
1982).  Unfortunately  the  relative  chemical  compatibility  of  clay  soil  with 
leachate  and  the  sorption  capability  of  clay  soil  are  based  on  limited  data 
and  experience  and  depend  on  the  characteristics  of  the  clay  and  contaminants 
in  the  dredged  material.  Soil  liners  if  allowed  to  dry  will  crack  and  lose 
integrity.  Soil  liners  are  subject  to  differential  settlement  and  bio- 
turbation  prior  to  filling.  Once  ion  exchange  sites  are  filled  within  the 
liner,  soluble  contaminants  will  slowly  migrate  through  the  liner  by  dif¬ 
fusion.  Compatibility  testing  of  clay  with  contaminated  dredged  material  has 
not  been  considered  to  date.  Additional  laboratory  testing  and  field  work  are 
needed  to  address  the  capabilities  and  limitations  of  clay  liners.  However, 
accumulation  of  a  database  adequate  for  generalizations  that  could  be  applied 
to  a  specific  site  is  unlikely. 

Construction  of  soil  liners  to  achieve  remolded  permeability  of  1 
10-^  cm/sec  or  less  is  recommended.  The  soil  may  be  obtained  onsite,  from 
selected  borrow  areas,  or  from  off-site  sources.  If  available  soils  do  not 
have  the  required  low  permeability,  they  can  be  blended  with  clay  soils,  ben¬ 
tonite,  or  other  additives.  Prepared  bentonite  formulations  would  probably  be 
required  for  sediment  containing  a  high  salt  content.  Soil  liners  should  be  a 
minimum  of  3-ft  thick  (Phillips  et  al.  1985). 

Soil  liners  cost  approximately  $5.00  per  in-place  cubic  yard  for  an 
upland  site. 
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Table  4.11 

Representative  Costs  for  Synthetic  Liners 


Cost/sq  ft* 


Geotextile  Fabrics 

$0.11-0.33 

Membrane  liners 

Nonrelnforced  materials: 

30-mil  PVC 

$0.25  -  0.3 

30-mil  CPE 

0.35  -  0.4 

30-mil  Butyl /EPDM 

0.45  -  0.5 

30-mll  Neoprene 

0.70  -  0.7 

100-mll  HOPE 

1.00  -  1.5 

Reinforced  materials 

36-mll  Hypalon 

$0.50  -  0.5 

60-mll  Hypalon 

0.80  -  0.9 

36-mil  CPER 

0.50  -  0.5 

*  Prices  for  membrane  liners  from  Watersaver,  Inc.,  based  upon  400,000  sq  ft 
installations. 


Groundwater  Controls 

Groundwater-control  technologies  are  usually  considered  as  remedial 
actions  where  sites  containing  hazardous  materials  have  released  contaminants 
to  the  groundwater.  Ideally,  adequate  site  investigation  and  installation  of 
appropriate  controls  at  a  newly  selected  disposal  site  will  avoid  groundwater 
contamination  and  hence  the  need  for  groundwater  controls.  Therefore,  this 
discussion  will  represent  a  brief  overview  of  groundwater  controls  and  refer 
the  reader  to  other  documents  such  as  USEPA  (1985)  and  USEPA  (1984)  for  more 
detailed  information. 

Control  of  groundwater  contamination  involves  one  of  four  options: 

(1)  containment  of  a  plume;  (2)  removal  of  a  plume  after  measures  have  been 
taken  to  halt  the  source  of  contamination;  (3)  diversion  of  groundwater  to 
prevent  clean  groundwater  from  flowing  through  a  source  of  contamination  or  to 
prevent  contaminated  groundwater  from  contacting  a  drinking  water  supply;  or 


(4)  prevention  of  leachate  formation  by  lowering  the  water  table  beneath  a 
source  of  contamination.  Remedial  technologies  for  controlling  groundwater 
contamination  problems  are  generally  placed  in  one  of  three  categories: 

(i)  groundwater  pumping,  involving  extraction  of  water  from  or  injection  of 
water  into  wells  to  capture  a  plume  or  alter  the  direction  of  groundwater 
movement;  (2)  subsurface  drains,  consisting  of  gravity  collection  systems 
designed  to  intercept  groundwater;  or  (3)  low-permeability  barriers,  con¬ 
sisting  of  a  vertical  wall  of  low-permeability  material  constructed  under¬ 
ground  to  divert  groundwater  flow  or  minimize  leachate  generation  and  plume 
movement.  These  technologies  can  be  used  singularly  or  in  combination  to 
control  groundwater  contamination  (USEPA  1985). 

(^roundwater  Pumping.  Groundwater  pumping  techniques  involve  the  active 
manipulation  and  management  of  groundwater  in  order  to  contain  or  remove  a 
plume  or  to  adjust  groundwater  levels  in  order  to  prevent  formation  of  a 
plume.  Types  of  wells  used  in  management  of  contaminated  groundwater  include 
wellpolnts,  suction  wells,  ejector  wells,  and  deep  wells.  The  selection  of 
the  appropriate  well  type  depends  upon  the  depth  of  contamination  and  the 
hydrologic  and  geologic  characteristics  of  the  aquifer  (USEPA  1985) . 

Subsurface  Urains.  Subsurface  drains  include  any  type  of  burled  conduit 
used  to  convey  and  collect  aqueous  discharges  by  gravity  flow.  Subsurface 
drains  essentially  function  like  an  infinite  line  of  extraction  wells.  They 
create  a  continuous  zone  of  influence  in  which  groundwater  within  this  zone 
flows  towards  the  drain.  Subsurface  drainage  components  include  the  following 
(rSEPA  1985): 

•  Drain  pipe  or  gravel  bed — for  conveying  flow  to  a  storage  tank  or  wet 
well.  Pipe  drains  are  used  most  frequently  at  hazardous  waste  sites. 
Gravel  bed  or  french  drains  and  tile  drains  are  used  to  a  more  limited 
extent . 

•  Envelope — for  conveying  flow  from  the  aquifer  to  the  drain  pipe  or  bed. 

•  Filter — for  preventing  fine  particles  from  clogging  the  system,  if 
necessary . 

•  Backfill — to  bring  the  drain  to  grade  and  prevent  ponding. 

•  Manholes  or  wet  wells — to  collect  flow  and  pump  the  discharge  to  a 
treatment  plant. 

Subsurface  barriers.  The  term  subsurface  barriers  refers  to  a  variety  of 
methods  whereby  low-permeability  cutoff  walls  or  diversions  are  installed 


below  ground  to  contain,  capture,  or  redirect  groundwater  flow  In  the  vicinity 
of  a  site.  The  most  commonly  used  subsurface  barriers  are  slurry  walls,  par¬ 
ticularly  soil-bentonlte  slurry  walls.  Less  common  are  cement-bentonite  or 
concrete  (diaphragm)  slurry  walls,  grouted  barriers,  and  sheet  piling  cut¬ 
offs.  Grouting  may  also  be  used  to  create  horizontal  barriers  for  sealing  the 
bottom  of  contaminating  sites  (USEPA  1985). 

Slurry  walls.  Slurry  walls  are  the  most  common  subsurface  barriers 
because  they  are  a  relatively  Inexpensive  means  of  vastly  reducing  groundwater 
flow  In  unconsolidated  earth  materials.  The  term  slurry  wall  can  be  applied 
to  a  variety  of  barriers  all  having  one  thing  in  common:  they  are  all  con¬ 
structed  In  a  vertical  trench  that  Is  excavated  under  a  slurry.  This  slurry, 
usually  a  mixture  of  bentonite  and  water,  acts  essentially  like  a  drilling 
fluid.  It  hydraulically  shores  the  trench  to  prevent  collapse  and,  at  the 
same  time,  forms  a  filter  cake  on  the  trench  walls  to  prevent  high  fluid 
losses  Into  the  surrounding  ground.  Slurry  wall  types  are  differentiated  by 
the  materials  used  to  backfill  the  slurry  trench.  Most  commonly,  an  engi¬ 
neered  soil  mixture  Is  blended  with  the  bentonite  slurry  and  placed  in  the 
trench  to  form  a  soil-bentonlte  (SB)  slurry  wall.  In  some  cases,  the  trench 
is  excavated  under  a  slurry  of  portland  cement,  bentonite,  and  water,  and  this 
mixture  is  left  in  the  trench  to  harden  into  a  cement-bentonite  (CB)  slurry 
wall.  In  the  rare  case  where  great  strength  is  required  of  a  subsurface 
barrier,  precast  or  cast  in  place  concrete  panels  are  constructed  in  the 
trench  to  form  a  diaphragm  wall  (USEPA  1985) . 

Sheet  Piling.  Sheet  piling  made  of  wood,  precast  concrete,  or  steel 
can  be  used  to  form  a  partial  groundwater  barrier.  Wood  is  an  ineffective 
water  barrier,  however,  and  concrete  is  used  primarily  where  great  strength  is 
required.  Steel  is  the  most  effective  in  terms  of  groundwater  cutoff  and 
cost.  Steel  sheet  piling  can  be  employed  as  a  groundwater  barrier  much  like 
slurry  walls.  Because  of  costs  and  unpredictable  wall  integrity,  however,  it 
is  seldom  used  except  for  temporary  dewatering  for  other  construction  or  as 
erosion  protection  where  some  other  barrier,  such  as  a  slurry  wall,  intersects 
flowing  surface  water.  One  of  the  largest  drawbacks  of  sheet  piling,  or  any 
other  barrier  technology  requiring  pile  driving,  is  the  problem  caused  by 
rocky  soil.  Damage  to  or  deflection  of  the  piles  is  likely  to  render  any  such 
wall  ineffective  as  a  groundwater  barrier  (USEPA  1985). 


Leachate  Collection 


Disposal  sites  for  dredged  material  must  accommodate  the  interstitial 
water  associated  with  the  sediment,  dilution  water  that  may  be  mixed  with  the 
sediment  by  the  dredging  operation,  and  precipitation  or  other  sources  of 
water  added  to  the  disposal  area  surface.  As  this  water  percolates  downward 
to  the  bottom  of  the  disposal  site,  it  may  become  contaminated.  This  possi¬ 
bility  may  require  lining  the  bottom  of  the  site  to  prevent  contamination  of 
groundwater.  Without  an  outlet  for  excess  water,  the  diked  containment  area 
becomes  a  stoppered  bathtub  and  unless  evaporation/transpiration  is  great 
enough  to  eliminate  the  excess,  the  liquid  level  will  either  increase  to  the 
point  of  overflowing  or  will  exert  sufficient  head  at  the  bottom  of  the  site 
to  cause  discharge  to  the  groundwater. 

A  leachate  collection  system  designed  for  groundwater  control  is  usually 
a  network  of  perforated  pipes  placed  under  and  around  the  perimeter  of  the 
site.  The  pipes  drain  to  a  sump  or  series  of  sumps  from  which  the  leachate 
may  be  withdrawn  either  by  gravity  if  topography  allows  or  by  pumping. 

Spacing  and  sizing  of  the  pipes  depends  on  the  allowable  leachate  head  in  the 
site  and  the  rate  at  which  water  must  be  removed.  Detail  design  of  a  leachate 
collection  system  for  groundwater  control  is  described  in  USEPA  (1983). 
Dewatering 

An  underdrainage  system  allows  collection  of  excess  leachate  for  treat¬ 
ment  or  disposal  and  reduces  the  probability  of  groundwater  contamination. 
Underdrainage  is  a  dewatering  method  which  may  be  used  individually  but 
usually  in  conjunction  with  trenching  of  the  surface.  If  controls  for  sedi¬ 
ment  contaminants  dictate  emplacement  of  a  cover  for  the  site,  dewatering  may 
be  required  in  order  to  get  the  surface  layer  dry  enough  for  construction  of 
the  cover. 

Underdrainage  systems  must  be  Installed  prior  to  disposal.  Collector 
pipes  are  place  in  either  a  naturally  occurring  or  a  previously  artificially 
placed  layer  at  the  bottom  of  the  site.  Free  water  percolating  through  the 
dredged  material  migrates  into  the  previous  underdrainage  layer  and  is  removed 
by  the  collector  pipes.  Two  mechanisms  exist  for  dewatering  and  denslfying  of 
fine-grained  dredged  material  using  pervious  underdrainage  layers:  gravity 
underdrainage  or  vacuum-assisted  underdrainage.  The  gravity  underdrainage 
technique  consists  of  providing  free  drainage  at  the  base  of  the  dredged 
material.  Downward  flow  of  water  from  the  dredged  material  into  the 
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underdrainage  layer  takes  place  by  gravity.  Vacuum-assisted  underdrainage  is 
similar  to  gravity  underdrainage,  but  a  partial  vacuum  is  maintained  in  the 
underdrainage  layer  by  vacuum  pumping. 

Advantages  and  disadvantages  of  the  two  methods  were  discussed  by 
Haliburton  (1978)  and  are  presented  in  Table  4.12.  Field  experience  with 
underdrainage  systems  for  dewatering/denslf ication  of  dredged  material  was 
reported  by  Hammer  (1981).  Vacuum-assisted  underdrainage  improved  the 
dewatering  process  compared  to  a  control  site  with  no  unde rdra inage  and  a 
gravity  underdrainage  site. 

The  underdrainage  system  begins  to  function  as  soon  as  dredged  material 
is  placed  in  the  containment  area.  Free  water  that  might  rherwise  be  dis¬ 
charged  through  surface  outlets  is  collected  by  the  under^'alns  and  collector 
system.  An  important  benefit  of  underdrainage  is  the  cor^  .Idatlon  of  the 
dredged  material  caused  by  seepage  and  weight  of  the  der  led  dredged 
material  Itself  (Haliburton  1978). 

Design  of  an  underdrainage  layer  for  use  with  dre  .rd  material  is  some¬ 
what  different  than  design  of  a  normal  pervious  filte  A  continuous  flow 
condition  is  usually  not  maintained  in  the  underdr  i .  ige  layer.  Water  essen¬ 
tially  drips  from  the  dredged  material,  and  the  water  level  in  the 

underdrainage  layer  is  at  the  flowline  of  the  .1  lector  pipe  system.  Fine¬ 
grained  dredged  material  placed  in  confined  disposal  areas  tends  to  exhibit 
individualized  particle  behavior,  and  it  Is  necessary  to  choose  a  filter 
material  that  will  resist  both  filter  clogging  and  piping  of  the  fine-grained 
dredged  material  through  the  filter  (Haliburton  1978). 

General  criteria  for  selection  of  a  proper  underdrainage  material  are 
that  it  be  essentially  free  draining  and  free  of  fines  (5  percent  or  less 
passing  the  U.S.  No.  200  sieve)  and  the  material  minimize  penetration  and 
piping  of  the  fine-grained  dredged  material  during  filter  skin  formation. 
Laboratory  tests  confirmed  by  field  testing  showed  that  either  standard 
well-graded  concrete  sand  or  fine  uniform  sand  worked  satisfactorily,  as  did 
filter  fabric  with  openings  equivalent  to  U.S.  No.  70  to  No.  100  sieve  size 
placed  over  any  porous  and  free-draining  layer  (pea  gravel,  crushed  stone, 
mussel  shell,  etc.).  Such  laboratory  testing  is  recommended  prior  to  selec¬ 
tion  of  an  actual  site-specific  filter  design  (Haliburton  1978). 

Sand  obtained  from  new  work  dredging  or  as  a  part  of  maintenance  dredging 
is  usually  deposited  near  the  disposal  area  dredge  pipe  location,  and  then  it 


Source:  Haliburton  (1978). 
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is  essentially  washed  by  the  progressive  sedimentation  process.  In  many 
cases,  this  material  will  be  suitable  for  use  as  an  underdrainage  layer;  thus, 
possible  availability  and  suitability  of  such  material  should  be  one  of  the 
Initial  factors  Investigated.  Comparative  data  have  shown  that  use  of  such 
sand  Is  often  extremely  cost-effective  (Hallburton  1978). 

Site  Security 

Any  time  contaminated  sediment  is  being  dredged,  transported,  or  dis¬ 
posed,  site  security  for  the  protection  of  safety  and  health  of  the  public  and 
of  workers  must  be  addressed.  In  addition  to  the  time  when  the  site  is  being 
filled,  site  security  must  be  considered  for  the  time  after  disposal  is  com¬ 
pleted.  The  extent  of  security  measures  will  depend  on  the  nature  and 
concentration  of  contaminants,  the  migration  pathways  affected  by  the  con¬ 
taminants,  the  risk  to  humans  and  wildlife,  and  future  use  of  the  site.  For 
unusual  conditions,  where  justified  by  the  risk  presented  by  the  nature  and 
location  of  the  site,  a  site-specific  safety  plan  may  be  developed  in 
accordance  with  guidance  presented  in  EM  1110-1-505  (OCE  1986). 

A  minimum  requirement  for  adequate  protection  of  public  health  and  safety 
is  a  site-security  plan  that  provides  for  measures  to  prevent  direct  human 
contact.  Fencing  and  warning  signs  are  standard  recommendation  for  confined 
disposal  facilities  that  are  accessible  to  the  public.  As  a  minimum, 
facilities  handling  contaminated  sediment  should  be  fenced  during  operation  of 
the  site  and  until  a  cover  is  developed  and  vegetated.  Once  the  final  cover 
is  established,  a  risk  assessment  will  be  required  to  determine  if  security 
measures  must  be  maintained  at  the  site. 

Fencing  at  sites  handling  contaminated  materials  should  be  nonclimbable 
chain-link  type.  If  the  site  is  near  a  heavily  populated  area,  then  addi¬ 
tional  precautions  such  as  guards,  etc.,  may  be  necessary. 

Treatment  of  Dredge  Material  Slurries 


Solids  Separation  and  Classification  Processes 


This  section  describes  equipment  and  methods  used  to  separate  solids  from 
slurries  and/or  to  classify  contaminated  soil  or  slurries  according  to  grain 
size.  The  objective  of  separating  solids  from  slurries  Is  to  attain  two  dis¬ 
tinct  waste  streams:  a  substantially  liquid  waste  stream  that  can  be  subse¬ 
quently  treated  for  removal  of  dissolved  and  fine  suspended  contaminants  and  a 
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concentrated  slurry  of  solids  and  minimal  liquid  that  can  be  dewatered  and 
treated. 

Classification  of  particles  according  to  grain  size  may  be  undertaken  for 
one  of  two  reasons.  The  first  reason  is  that  more  efficient  use  can  be  made 
of  equipment  and  land  area  by  taking  advantage  of  the  differences  in  settling 
velocity  of  different  sized  particles.  For  example,  where  only  limited  land 
space  is  available,  settling  basins  may  be  used  to  remove  sand  and  gravel  with 
a  high  settling  velocity  and  then  high-rate  gravity  settlers  could  be  used  to 
remove  fine-grained  particles. 

There  is  recent  evidence  to  suggest  that  classification  by  grain  size  is 
Important  in  managing  contaminated  soil  and  sediment  because  of  the  apparent 
tendency  of  contaminants  to  absorb  preferentially  onto  fine-grained  material 
such  as  clay  and  organic  matter.  The  separation  of  solids  by  grain-size  level 
of  contamination  could  prove  to  be  extremely  beneficial  to  the  overall 
management  of  contaminated  sediment. 

The  most  appropriate  solids  separation  method  for  a  given  site  depends 
upon  several  factors,  including  the  following:  volume  of  contaminated  solids; 
composition  of  sediment.  Including  gradation,  percent  clay,  and  percent  total 
solids;  types  of  dredging  or  excavation  equipment  used,  which  determines  the 
feed  rate  to  solids  separation  and,  in  the  case  of  slurries,  the  percent 
solids;  and  site  location  and  surroundings. 

Solids  separation  methods  addressed  in  this  section  Include  settling 
basins,  clarifiers,  sieves  and  screens,  hydraulic  and  spiral  classifiers, 
and  cyclones. 

Settling  Basins.  A  settling  basin,  as  described  in  this  section,  is  an 
impoundment  basin,  clarifier,  or  other  container  that  provides  conditions 
conducive  to  allowing  suspended  particles  to  settle  from  a  liquid  by  gravity. 
The  slurry  is  introduced  into  the  basin  and  settLlng  of  solids  occurs  as  the 
slurry  is  introduced  into  the  length  of  the  basin.  Flow  out  of  the  opposite 
end  of  the  basin  is  reduced  in  its  solids  content. 

The  size  of  an  impoundment  basin  or  clarifier  is  ideally  determined  by 
dividing  the  critical  settling  velocity  by  the  overflow  rate.  The  critical 
settling  velocity  is  a  function  of  the  diameter  and  specific  gravity  of  the 
smallest  particle  size  requiring  removal  and  the  viscosity  of  the  water.  How¬ 
ever,  ideal  settling  conditions  are  never  achieved  and  the  actual  design  of 
the  required  surface  area  must  make  allowance  for  turbulence,  short 


circuiting,  and  scour  velocity.  Detailed  procedures  for  sizing  sedimentation 
basins  can  be  found  in  EM  1110-2-501  (OCE  1978),  TR  D-78-10(Palenno  et  al. 
1978),  as  well  as  most  wastewater  engineering  handbooks. 

Settled  solids  accumulate  on  the  bottom  of  settling  basins  where  they  are 
temporarily  stored.  As  the  volume  of  accumulated  solids  increases,  the  effec¬ 
tive  size  of  the  basin  decreases,  reducing  the  basin's  effectiveness  or  effi¬ 
ciency.  Accumulated  solids  must  be  periodically  or  continuously  removed  in 
order  for  the  basin  to  perform  as  intended. 

An  impoundment  basin  is  an  earthen  impoundment  or  diked  area  that  is 
lined  in  a  manner  that  is  appropriate  for  protecting  underlaying  groundwater. 
An  adjustable  weir  is  provided  to  control  overflow  rate.  A  typical  impound¬ 
ment  basin  is  illustrated  in  Fig.  4.7. 

Multiple  basins  or  a  single  basin  separated  into  compartments  by  bulk¬ 
heads  can  be  used  in  parallel  to  allow  continuous  sediment/water  separation 
while  accumulated  solids  are  being  removed  from  individual  basins.  Multiple 
basins  can  also  be  connected  in  series  in  order  to  separate  solids  according 
to  grain  size.  Each  basin  would  be  designed  to  retain  sediments  of  increas¬ 
ingly  smaller  grain  size. 

Impoundment  basins  are  used  to  remove  particles  in  the  size  range  of 
gravel  down  to  fine  silt  (10  to  20  microns  with  flocculants)  (Mallory  and 
Nawrocki  1974) .  They  are  also  used  to  provide  temporary  storage  of  dredged 
material  and  to  classify  sediment  particles  according  to  grain  size. 

Impoundment  basins  are  particularly  well  suited  for  large-scale  dredging 
operations,  provided  there  is  adequate  land  space  available  for  their  con¬ 
struction.  They  are  not  suitable  for  congested  areas  or  for  areas  where 
adequate  measures  cannot  be  taken  to  protect  groundwater  supplies  (e.g.,  high 
groundwater  table) . 

A  major  limitation  with  the  use  of  impoundment  basins  is  that,  unlike 
clarifiers,  they  have  no  mechanism  for  solids  collection.  Therefore,  mechan¬ 
ical  dredges  (e.g.,  clamshells,  backhoes)  are  typically  used  to  remove  the 
settled  solids  if  the  basin  is  to  be  used  on  a  continuous  basis.  This  greatly 
increases  the  operational  costs  associated  with  use  of  impoundments. 

Conventional  clarifiers  are  rectangular  or  circular  settling  basins  that 
are  typically  equipped  with  built-in  solids  collection  and  removal  mechanisms. 
Typically,  in  a  rectangular  clarifier  a  flow  with  relatively  high  suspended 
solids  is  introduced  at  one  end  of  the  clarifier;  solids  settle  along  the 
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Figure  4.7.  Typical  Impoundment  basin 
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length  of  flow;  and  a  flow  with  relatively  low  suspended  solids  leaves  the 
clarifier  through  trough-type  overflow  weirs.  In  most  rectangular  clarifiers, 
flights  extending  the  width  of  the  tank  move  the  sludge  toward  the  effluent 
end  of  the  tank,  corresponding  to  the  direction  of  flow  of  the  density  cur¬ 
rent.  Circular  clarifiers  are  of  two  general  types.  With  the  center-feed 
type,  the  waste  is  fed  into  a  center  well  and  the  effluent  is  pulled  off  at 
the  weir  along  the  outside.  With  a  peripheral-feed  tank,  the  effluent  is 
pulled  off  at  the  tank  center. 

Figure  4.8  Illustrates  a  center-feed  type  clarifier.  The  circular  clari¬ 
fier  can  be  designed  for  center  sludge  withdrawal  or  vacuum  withdrawal  over 
the  entire  tank  bottom. 

Many  clarifiers  are  equipped  with  separate  zones  for  chemical  mixing  and 
precipitation,  flocculation,  and  settling. 

Clarifiers  are  able  to  remove  particles  down  to  10  to  20  microns  (Mallory 
and  Nawrockl  1974)  in  diameter,  with  the  use  of  flocculants.  They  can  also  be 
used  to  produce  a  thickened  sludge  with  a  solids  concentration  of  about  4  to 
12  percent  (Metcalf  and  Eddy  1979)  and  to  separate  solids  by  grain  size.  This 
would  be  accomplished  by  connecting  clarifiers  in  series  and  providing  a 
retention  time  sufficient  to  remove  materials  of  a  certain  grain  size. 

Clarifiers  are  best  suited  to  small-  to  moderate-scale  operations  or  to 
large-scale  operations  where  impoundment  basins  will  not  adequately  protect 
groundwater  supplies.  Clarifiers  can  be  barge  mounted  for  solids  separation 
during  dredging  operations. 

Circular  clarifiers  are  generally  more  efficient  in  solids  removal. 
However,  rectangular  tanks  are  more  suitable  for  barge-mounting  and  where  con¬ 
struction  space  is  limited.  In  addition  a  series  of  rectangular  tanks  is 
cheaper  to  construct  due  to  the  shared  wall  concept. 

High-rate  clarifiers  use  multiple  stacked  plates,  tubes,  or  trays  to 
increase  the  effective  settling  surface  area  of  the  clarifier  and  decrease  the 
actual  surface  area  needed  to  effect  settling.  Figure  4.9  illustrates  a 
high-rate  clarifier.  High-rate  clarifiers  allow  a  higher  flow  rate  per  unit 
of  actual  surface  area  (loading  rate)  than  do  conventional  clarifiers,  thus 
the  name  "high-rate  clarifiers.”  The  trays,  plates,  or  tubes  also  induce 
optimum  hydraulic  characteristics  for  sedimentation  by  guiding  the  flow, 
reducing  short  circuiting,  and  promoting  better  velocity  distribution. 
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(a)CIRCUUR  CENTER -FEED  CLARIFIER  WITH 
A  SCRAPER  SLUDGE  REMOVAL  SYSTEM 


HYDRAULIC  SUCTION  SLUDGE  REMOVAL  SYSTEM 
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Figure  -+.8.  Typical  clarifier  design 


Hlgh-rate  clarifiers  are  able  to  handle  between  2  to  10  times  the  loading 
rate  of  conventional  clarifiers  and  therefore  require  limited  land  use  (Jones 
et  al.  1978).  Package  units  capable  of  handling  1,000  to  2,000  gpm  are 
available  and  are  easily  transportable  by  truck  or  barge. 

Hlgh-rate  clarifiers  are  best  suited  to  small-  to  moderate-scale  opera¬ 
tions  or  to  large-scale  operations  where  construction  of  earthen  Impoundments 
will  not  adequately  protect  groundwater.  Hlgh-rate  clarifiers  are  particu¬ 
larly  applicable  to  operations  where  land  space  is  limited  and  where  barge 
mounting  of  clarifiers  is  required. 

High-rate  clarifiers  are  not  suitable  for  removal  of  particles  larger 
than  0.1  in.  or  less  than  10  microns.  Use  of  high-rate  gravity  settlers  has 
not  been  demonstrated  for  applications  in  solid/water  separation,  and  they 
are  generally  used  in  applications  with  lower  solids  concentrations  (Mallory 
and  Nawrocki  1974).  There  is  the  possibility  that  cohesive  sediment  or  soil 
may  clog  the  channels,  tubes,  or  plates  (Jones  et  al.  1978). 

Sedimentation  employing  impoundment  basins  and  conventional  clarifiers  is 
a  well-established  technology  for  removing  particles  ranging  in  size  from 
gravel  down  to  fine  silt.  However,  proper  flocculation  is  essential  to  ensure 
removal  of  silt-sized  particles.  Sedimentation  methods  have  not  been  widely 


employed  for  classifying  solids  according  to  particle  size.  They  can  be 
expected  to  be  less  effective  in  classifying  solids  than  other  methods 
described  in  this  section  (e.g.,  classifier,  cyclones,  and  screens). 

Impoundment  basins  have  a  high  capital  and  operating  cost  unless  solids 


are  left  in  place.  For  this  reasons  their  use  is  generally  limited  to  large- 
scale  operations.  Impoundment  basins  also  pose  the  greatest  potential  for 
secondary  Impacts  of  all  solids  separation  methods;  contaminants  may  leach 
into  groundwater  if  the  liner  system  is  not  properly  designed  and  the  large 
surface  area  of  the  impoundment  can  result  in  volatilization  of  contaminants 
and  localized  air  pollution  problems. 


Both  standard  and  hlgh-rate  clarifiers  can  be  mounted  on  a  barge  in  areas 
of  limited  space.  High-rate  clarifiers  with  their  relatively  small  space 
requirements  may  be  the  only  suitable  sedimentation  methods  in  congested 
areas.  Clarifiers  and  impoundment  basins  are  easy  to  operate  and  maintain. 

Only  impoundment  basins  have  been  used  to  treat  dredged  material 
slurries.  There  is  some  concern  about  the  technical  feasibility  of  using 


standard  and  high-rate  clarifiers  for  direct  treatment  of  dredged  material 
slurry. 

Stationary  Screens  and  Sieves.  Sieves  or  screens  consist  of  bars,  woven 
wire,  or  perforated-plate  surfaces  that  retain  particles  of  a  desired  size 
range  while  allowing  smaller  particles  and  the  carrying  liquid  to  pass  through 
the  openings  in  the  screening  surface.  Several  types  of  screens  and  sieves 
have  application  for  solids  separation  at  dredging  or  dredged  material  dis¬ 
posal  sites. 

Grizzlies  consist  of  parallel  bars  that  are  frame-mounted  on  an  angle  to 
promote  materials  flow  and  separation.  Hoppers  are  provided  beneath  the 
grizzly  to  collect  removed  material.  Bar  spacing  is  generally  1  to  5  in. 
apart  depending  upon  the  desired  separation.  Both  fixed  and  vibrating 
grizzlies  are  available.  Grizzlies  generally  have  a  maximum  width  of  6  to 
9  ft  and  a  length  of  12  to  18  ft  (Mallory  and  Nawrocki  1974). 

Grizzlies  are  used  primarily  for  scalping,  i.e.,  removing  a  small  amount 
of  oversized  material  from  a  waste  stream  that  is  predominantly  fines.  They 
are  generally  limited  to  separating  materials  which  are  2  in.  in  diameter  or 
coarser.  Another  major  function  of  the  grizzly  is  to  reduce  velocity  of  a 
slurry  for  subsequent  processing  operations  (Mallory  and  Nawrocki  1974). 

Grizzlies  offer  a  reliable  method  for  removing  coarse  material  from 
slurries.  By  doing  so,  they  significantly  Improve  the  reliability  and 
performance  of  subsequent  solids  separation  methods  and  also  reduce  mainte¬ 
nance  costs  by  minimizing  the  amount  of  abrasive  material  that  reaches  the 
screen,  cyclone,  etc.  Grizzlies  contain  no  moving  parts  and  are  tough  and 
abrasion  resistant.  Therefore,  maintenance  requirements  are  minimal.  Space 
requirements  are  also  minimal,  and  they  can  be  installed  in  almost  any  area. 
They  can  easily  be  arranged  in  series  or  parallel  to  accommodate  very  high 
flows  or  achieve  classification  of  coarse  materials. 

Stationary  or  fixed  screens  differ  from  moving  screens  in  that  they  have 
no  moving  parts.  A  continuously  curved  surface  and  the  velocity  of  the  slurry 
across  the  surface  provide  a  centrifugal  force  that  holds  the  slurry  against 
the  screens  and  allows  for  separation.  One  type  of  fixed  screen  which  has 
potential  application  for  solids  separation  from  dredged  material  slurries  is 
the  wedge-bar  screen.  A  typical  wedge-bar  screen  is  Illustrated  in  Fig.  4.10. 
The  hydrosieve,  a  modified  wedge-bar  screen  that  uses  water  pressure  to 
encourage  solids  separation,  is  also  used. 
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Figure  A. 10.  Typical  wedge-bar  screen 

The  wedge-bar  screen  is  similar  in  design  to  a  grizzly  insofar  as  it  con¬ 
sists  of  parallel  bars  that  are  frame -mounted  on  a  curved  deck.  However,  in 
the  case  of  the  wedged-bar  screen,  bar  spacing  is  very  close  to  effect  fine- 
particle  separation.  As  the  material  enters  the  feed  inlet,  a  series  of  baf¬ 
fles  in  the  feed  box  spread  the  material  so  that  the  slurry  is  evenly  fed  over 
the  width  of  the  curved  screen  deck.  The  slurry  flows  through  the  feed  inlet 
at  the  top  of  the  feed  box  and  flows  tangentially  down  the  surface  of  the 
screen.  The  continuously  curved  surface  together  with  the  velocity  across  the 
surface  provides  a  centrifugal  force  that  holds  the  slurry  against  the  screen 
surface.  As  the  slurry  strikes  the  sharp  edge  of  the  wedge  bar,  small  parti¬ 
cles  are  sliced  off  and  directed  downward  through  the  slots  along  with  most  of 


the  liquid.  Dewatered  oversized  material  slides  on  top  of  the  screen  surface 
and  is  discharged.  The  slicing  action  of  the  wedge  bars  sizes  the  undersize 
particles  at  a  smaller  dimension  than  the  slots  themselves  and  helps  to  mini¬ 
mize  blinding.  For  example,  for  a  slot  width  of  1  mm,  the  thickness  of  the 
slurry  layer  being  shaved  off  is  about  1/4  mm.  This  1/4  mm  thick  cut  can 
transport  particles  of  up  to  1/2  mm  in  size;  plus  1/2  mm  solids  pass  over  the 
screen  (Hof fman-Muntner  Corporation,  1978,  Dorr-Oliver  1980,  Dorr-Oliver 
1983).  Wedge-bar  screens  normally  come  in  sizes  of  2  to  6  ft  wide,  with 
capacities  of  30  to  220  gpm/ft^. 

The  hydrosieve  is  a  modification  of  the  conventional  wedge-bar  screen  in 
which  the  pressure  of  a  water  spray  encourages  more  efficient  separation.  The 
water  pressure  helps  to  remove  fines  that  are  adhering  to  coarse  grain-sized 
materials  and  breaks  up  clumps  of  material  that  tend  to  clog  the  screen. 
Hydrosieves  with  capacities  of  up  to  1500  gpm  are  available. 

Wedge-bar  screen  and  hydrosieves  are  used  to  separate  particles  in  slurry 
by  grain  size.  The  wedge-bar  screen  is  generally  less  efficient  in  separating 
solids  than  the  vibrating  screen;  the  oversized  material  typically  carries  a 
considerable  amount  of  fines.  The  hydrosieve  minimizes  this  problem  by 
employing  a  pressure  spray  that  washes  the  fines  from  the  coarser  material. 
Wedge-bar  screens  may  be  used  ahead  of  vibrating  screens.  This  provides  a 
higher  solids-separatlon  efficiency  than  the  vibrating  screen  alone  (Allis 
Chalmers  undated) . 

The  wedge-bar  screen  offers  a  very  low  cost  method  for  separating  solids 
according  to  grain  size.  However,  the  effectiveness  of  the  separation  methods 
is  not  as  good  as  that  achieved  using  vibrating  screens  or  cyclones.  Never¬ 
theless,  use  of  a  water  spray  with  a  wedge-bar  screen  (hydrosieve)  can  signif¬ 
icantly  improve  separation  efficiency  by  removing  fines  which  are  sorbed  to 
sand  and  gravel.  The  wedge-bar  screen  contains  no  moving  parts  and  is 
extremely  easy  to  operate  and  maintain.  It  is  also  more  resistant  to  abrasion 
than  the  vibrating  screen.  It  is  compact  and  requires  a  minimal  amount  of 
space. 

Moving  Screens.  Screening  of  fine  particles  from  dry  material  is  fre¬ 
quently  accomplished  using  moving  screens.  Types  of  moving  screens  include: 

a.  Vibrating  screens. 

b.  Revolving  screens. 

c.  Gyratory  screens. 


Vibrating  screens  are  more  widely  used  than  other  screen  types,  particu¬ 
larly  for  fine  particle  separation,  because  of  their  larger  capacity  per  unit 
of  screen  area  and  their  higher  efficiency  (Perry  and  Chilton  1973).  Only  the 
vibrating  screen  will  be  described  in  this  section. 

Vibrating  screens  consist  of  a  plane  screening  surface,  usually  stretched 
tautly  and  set  into  a  rectangular  frame  having  sufficient  sidewalls  to  confine 
the  material  flow.  Figure  4.11  Illustrates  a  typical  vibrating  screen.  They 
may  be  composed  of  one,  two  or  three  screening  decks.  This  allows  for 
progressively  finer  separation  and  lower  space  requirements.  Screens  are 
usually  inclined  at  a  slope  of  approximately  20°  from  horizontal,  although 
horizontal  screens  are  also  available.  Vibration  is  produced  by  circular 
motion  in  a  vertical  plane.  By  vibration,  the  bed  of  material  tends  to 
develop  a  fluid  state.  Larger  particles  remain  on  top  of  the  bed  while 
smaller  particles  sift  through  the  voids  and  find  their  way  to  the  bottom. 

Once  the  fine  particles  have  sifted  through  the  bed  of  material,  the  vibrating 
action  increases  the  probability  that  the  small  particles  will  pass  through 
the  screen.  An  Inclined  screen  allows  the  material  to  cascade  down  the  screen 
surface,  increasing  the  probability  that  small  particles  will  pass  through 
(Allis  Chalmers  undated).  Vibrating  screens  typically  range  in  size  from 
about  3  to  10  ft  wide  and  6  to  30  ft  long.  Solids  handling  capacity  ranges 
from  300  to  950  tph. 

The  function  of  vibrating  screens  is  to  separate  particles  by  grain  size. 
The  oversized  particles  are  substantially  dewatered  during  the  separation. 
Typically,  vibrating  screens  are  used  to  separate  materials  in  the  size  range 
of  1/8  in.  up  to  6  in.  However,  high-speed  vibrating  screens  are  also  avail¬ 
able  for  separating  finer  particles  in  the  size  range  of  4  to  325  mesh 
(Chilton  and  Perry  1973,  Mallory  and  Nawrocki  1974).  Although  separation 
efficiencies  are  high  with  the  vibrating  screen,  some  fine  particles  are 
invariably  carried  over  with  the  coarse  particles.  Conventional  vibrating 
screens  are  best  suited  for  handling  dry  materials.  Wet  or  sticky  materials 
tend  to  blind  the  screen.  Larger  openings  can  be  used  where  blinding  is  a 
problem,  but  this  reduces  the  efficiency  of  the  size  separation.  Vibrating 
screens  with  heated  decks  are  also  available  to  reduce  moisture  content, 
although  they  are  not  cost-effective  for  waste  streams  with  a  high  moisture 
content.  Because  of  these  limitations,  the  conventional  vibrating  screens  are 
not  well  suited  for  handling  dredged  material  slurries.  Where  the  moisture 


Figure  4.11.  Typical  vibrating  screen 

content  of  the  material  is  high  and  would  result  in  blinding,  wet  screening 
with  sprays  can  be  used.  Water  is  generally  sprayed  at  3  to  6  gpm  per  ton  at 
a  minimum  of  20  psl  to  discourage  blinding  (Allis  Chalmers  undated). 

The  presence  of  abrasive  material  in  the  feed  may  result  in  the  need  1  f)r 
frequent  screen  replacement,  thereby  increasing  maintenance  costs.  Therefore 
wastes  should  be  carefully  prescreened  using  a  grizzly  or  wedge-bar  screen. 
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Relative  to  other  types  of  moving  screens,  vibrating  screens  generally 
are  the  most  efficient  and  have  the  lowest  space  requirements  and  lowest  main¬ 
tenance  costs.  Vibrating  screens  are  the  most  efficient  of  the  moving  screens 
for  separating  solids  according  to  grain  size.  However,  their  reliability  is 
adversely  affected  by  the  fact  that  wet  or  sticky  material  tends  to  blind  the 
screen.  A  water  spray  applied  to  a  vibrating  screen  can  significantly  reduce 
blinding.  The  effectiveness  of  vibrating  screens  should  be  determined  on  a 
case-by-case  basis. 

The  presence  of  abrasive  material  can  result  In  the  need  for  frequent 
screen  replacement,  thereby  Increasing  maintenance  costs. 

Vibrating  screens  are  relatively  compact.  They  can  be  Installed  in  areas 
where  space  is  limited  and  are  well  suited  for  use  In  mobile  treatment 
systems . 

Costs  for  vibrating  screens  vary  with  the  size  and  capacity  of  the 
screens.  The  capital  cost  for  a  10-ft  long,  5-ft  wide,  5-ft  high  screen  with 
a  capacity  of  200  tph  Is  about  $25,000.  Operation  and  maintenance  costs  for 
vibrating  screens  are  relatively  low  compared  to  other  types  of  moving 


screens. 

Hydraulic  Classifiers.  Hydraulic  classifiers  are  commonly  used  to  sepa¬ 
rate  sand  and  gravel  from  slurries  and  classify  them  according  to  grain  size. 

A  typical  hydraulic  classifier  is  shown  In  Fig.  4.12,  These  units  consist  of 
elevated  rectangular  tanks  with  v-shaped  bottoms  to  collect  the  material. 
Discharge  valves  that  are  located  along  the  bottom  of  the  tank  are  activated 
by  motor  driven  vanes  that  sense  the  level  of  solids  as  they  accumulate.  The 
principal  of  operation  is  simple.  The  slurry  is  Introduced  into  the  feed  end 
of  the  tank.  As  the  slurry  flows  to  the  opposite  end,  solids  settle  out 
according  to  particle  size  as  a  result  of  differences  in  settling  velocity. 
Coarse  materials  settle  out  first  near  the  feed  end  and  materials  are  progres¬ 
sively  finer  along  the  length  of  the  tank.  Manually  adjusted  splitter  gates 
below  the  discharge  valves  can  be  used  to  selectively  direct  materials  of  spe¬ 
cific  grain  sizes  to  subsequent  handling  and  treatment  (Eagle  Iron  Works  1981, 
Mallory  and  Nawrocki  1974).  Classifying  tanks  are  generally  available  In 
sizes  ranging  from  8  to  12  ft  wide  and  20  to  48  ft  long  (Mallory  and  Nawrocki 
1974).  Solids  handling  capabilities  are  generally  limited  to  250  to  350  tph 
(Mallory  and  Nawrocki  1974,  Eagle  Iron  Works  1981). 
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Figure  4.12.  Typical  hydraulic  classifier 

Hydraulic  classifiers  are  used  to  remove  sand-  and  gravel-size  particles 
from  slurries  and  to  classify  the  removed  materials  according  to  grain  size. 
Materials  are  recovered  from  the  classifier  at  about  30  percent  moisture  con¬ 
tent  (USEPA  1985) .  They  are  capable  of  removing  and  classifying  materials 
within  the  size  range  of  3/8  in  down  to  about  150  to  200  mesh  (105  to 
74  microns)  (Mallory  and  Nawrockl  1974,  Eagle  Iron  Works  1981).  The  upper 
limitation  of  3/8  in.  is  handled  by  prescreening  the  wastes  to  remove  all 
large  materials.  Other  solids  separation  techniques  are  required  to  classify 
the  fine-grained  materials  (<200  mesh).  Another  limitation  is  that  some  fines 
will  be  removed  with  the  sand  and  gravel  fraction.  This  limitation  is  fre¬ 
quently  overcome  by  directing  the  solids  to  a  spiral  classifier  where  they  are 
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washed  to  remove  the  fine-grained  materials.  Hydraulic  classifiers  have  a 
relatively  low  solids  handling  capacity  and  are  not  well  suited  for  handling 
large  volumes  of  flow  or  high-solids  concentrations.  A  single  average  sized 
tank  with  dimensions  of  36  ft  by  10  ft,  for  example,  can  handle  5300  gpm  when 
separating  material  down  to  100  mesh  and  only  1400  gpm  when  separating 
material  down  to  200  mesh  (Eagle  Iron  Works  1981). 

Because  of  the  inability  of  hydraulic  classifiers  to  handle  large  volumes 
of  flow,  a  combination  of  solids  separation  methods  may  be  advisable  to  reduce 
the  number  of  hydraulic  classifiers  needed  for  a  large  solids  handling  opera¬ 
tion.  One  possibility  for  reducing  the  number  of  classifiers  needed  would  be 
to  use  these  units  to  separate  only  those  particles  larger  than  105  microns. 
Cyclones,  hydrocyclones,  or  hydrosieves  could  then  be  used  to  remove  the  fine 
sand  fraction  (Mallory  and  Nawrockl  1974). 

Hydraulic  classifiers  offer  an  effective  method  for  operating  and  classi¬ 
fying  particles  ranging  in  size  from  fine  gravel  to  fine  sand.  Some  fines  are 
Inadvertently  removed  with  the  sand  and  gravel,  and  the  effectiveness  of  the 
separation  can  be  Improved  by  washing  the  collected  solids  in  a  spiral  clas¬ 
sifier  to  remove  the  fines. 

Hydraulic  classifier  tanks  are  generally  designed  and  sized  to  be  truck 
mounted  for  mobile  system  applications.  Start-up  and  shut-down  can  be  accom¬ 
plished  quickly.  Maintenance  requirements  are  fairly  simple. 

Use  of  hydraulic  classifiers  can  be  easily  integrated  with  other  solids 
separation  methods  and  this  is  advisable  where  large  flows  are  Involved  or 
where  classification  of  fine-grained  materials  (clay,  silt/  is  required. 

Costs  for  hydraulic  classifiers  vary  with  size  and  capacity  of  the  clas¬ 
sifier.  For  a  size  range  of  24  to  49  ft  long,  8  to  12  ft  wide,  and  8  ft  deep; 
and  a  feed  rate  of  200  to  350  tph,  the  initial  cost  ranges  from  $30,000  to 
$76,000  (Eagle  Iron  Works  1981,  Mallory  and  Nawrockl  1974). 

Spiral  Classifiers.  The  spiral  classifier  consists  of  one  or  two  long 
rotating  screws  mounted  on  an  incline  within  a  rectangularly  shaped  tub.  It 
is  used  primarily  to  wash  adhering  clay  and  silt  from  sand  and  gravel  frac¬ 
tions.  Figure  4.13  shows  a  typical  configuration  of  a  spiral  classifier. 

The  screw  conveys  settled  solids  from  a  hydraulic  classifier  up  an 
incline  to  be  discharged  through  an  opening  at  the  top  of  the  tub.  Fines  and 
materials  of  low  specific  gravity  are  separated  from  sand  and  gravel  through 
agitation  and  the  abrading  and  washing  action  of  the  screw,  and  they  are 
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Figure  4.13  Typical  spiral  classifier 

removed  along  with  the  wastewater  overflow  at  the  bottom  of  the  tub.  The 
tumbling  and  rolling  action  caused  by  the  continuous  screw  grinds  particles 
against  each  other  and  removes  any  deleterious  material  coating  the  sand 
particles.  This  tumbling  action  also  aids  in  dewatering  materials  by  breaking 
the  moisture  film  on  the  sand  particles.  As  the  moisture  Is  relieved  of  sur¬ 
face  tension,  It  is  free  to  drain  from  the  material  (Eagle  Iron  Works  1982). 
The  sand  that  is  finally  discharged  is  substantially  dewatered. 

In  general,  the  greater  Che  length  of  the  tub,  Che  higher  Che  degree  of 
dewatering,  and  the  greater  the  screw  diameter,  the  larger  the  capacity  of  the 
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spiral  classifier  (Eagle  Iron  Works  1982).  Classifiers  are  available  which 
are  capable  of  handling  up  to  950  tph. 

Spiral  classifiers  are  used  primarily  to  wash,  dewater,  and  classify 
sand  and  gravel  up  to  3/8  in.  in  diameter.  They  are  not  a  singularly  viable 
solids  separation  technology,  but  they  are  effective  when  used  together  with 
the  hydraulic  classifier.  Spiral  classifiers  have  a  large  capacity  and  are 
completely  portable. 

Spiral  classifiers  improve  the  efficiency  of  solids  separation  achieved 
with  the  hydraulic  classifier  by  removing  fine-grained  materials  attached  to 
coarser  particles. 

Spiral  classifiers  are  generally  designed  to  be  mounted  on  trailers  for 
easy  transport  and  use  in  mobile  systems.  Start-up  and  shut-down  can  be 
accomplished  quickly,  and  maintenance  requirements  are  simple. 

Costs  for  spiral  classifiers  vary  with  size  and  configuration.  For  a 
size  range  of  22  to  34  ft  long,  8  to  19  ft  wide,  and  8  to  12  ft  high,  the  ini¬ 
tial  costs  of  a  spiral  classifier  ranges  from  $14,000  to  $77,000  for  a  single¬ 
screw  type  and  from  $37,000  to  $150,000  for  a  double-screw  type.  Operational 
and  maintenance  costs  vary  with  the  type  of  power  utilized;  it  can  be  elec¬ 
tricity,  gas,  or  diesel  fuel  (Eagle  Iron  Works  1982,  Mallory  and  Nawrocki 
1974). 

Cyclones  and  Hydrocyclones.  Cyclones  and  hydrocyclones  are  separation 
devices  in  which  solids  that  are  heavier  than  water  are  separated  by  centri¬ 
fugal  force.  The  major  components  of  a  hydrocyclone  are  shown  in  Fig.  4.14. 

A  hydrocyclone  consists  of  a  cy llndrlcal/conlcal  shell  with  a  tangential  inlet 
for  feed,  an  outlet  for  the  overflow  of  slurry,  and  an  outlet  for  the  under¬ 
flow  of  concentrated  solids.  Cyclones  and  hydrocyclones  contain  no  moving 
parts.  The  slurry  is  fed  to  the  unit  with  sufficient  velocity  to  create  a 
vortex  action  that  forces  the  slurry  into  a  spiral  and,  as  the  rapidly 
rotating  liquid  spins  about  the  axis,  smaller-sized  particles  remain  suspended 
in  the  liquid  and  are  discharged  through  the  overflow  outlet.  Larger  and 
heavier  particles  of  solids  are  forced  outward  against  the  wall  of  the  cone  by 
centrifugal  force  within  the  vortex.  The  solids  spiral  around  the  wall  of  the 
cyclone  and  exit  through  the  apex  at  the  bottom  of  the  cone  (Dorr-Oliver 
1984)  . 

Cyclones  are  available  in  an  extremely  wide  range  of  sizes.  The  smallest 
units  handle  flows  of  only  a  few  gallons  per  minute,  while  the  largest  units 
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Figure  4.14.  Typical  cyclone 

can  handle  between  2000  and  7000  gpin,  depending  upon  slurry  composition  (Dorr- 
Oliver  1984,  Krebs  Engineers  undated).  However,  cyclones  do  not  scale-up  as 
many  other  equipment  types  do.  In  general,  the  larger  the  cyclone  diameter 
and  inlet,  the  coarser  the  separation  and  the  greater  the  cyclone  capacity, 
and  the  smaller  the  diameter  and  inlet,  the  finer  the  separation  and  the  lower 
the  hydraulic  capacity.  In  order  to  remove  small  particles  from  large  volume 
slurries,  it  is  necessary  to  use  multiple  small-diameter  cyclones  connected  in 


parallel.  Banks  of  multiple  cyclones,  manufactured  as  a  single  unit  with  a 

single  feed  pipe,  are  commercially  available.  f 

Cyclones  can  also  be  connected  in  series  or  in  various  staging  arrange¬ 
ments  to  accomplish  different  objectives.  For  example,  a  high  degree  of  par¬ 
ticle  size  separation  can  be  achieved  by  employing  a  bank  of  cyclones  in 
series  with  decreasing  cyclone  size  and  particle  size  removal  in  the  direction 
of  flow.  It  is  also  possible  to  achieve  a  higher  underflow  concentration  and 
a  more  clarified  overflow  by  staging  the  cyclones.  The  first  stage  of 
cyclones  could  be  used  to  classify  the  solids  according  to  the  designed  grain 
size.  The  second-stage  overflow  cyclone  could  serve  as  a  clarifier,  and  the 
underflow  cyclone  could  serve  as  the  concentrator.  However,  the  maximum 
underflow  concentration  achievable  with  cyclones  is  about  60  percent,  since 
some  liquid  is  necessary  for  solids  discharge  (Dorr-Ollver  undated) . 

It  should  be  noted  that  cyclones  are  available  that  can  handle  some  vari¬ 
ation  in  flow  rate  and  particle  size  by  interchanging  certain  parts  of  the 
cyclone.  For  example,  it  is  possible  to  add  or  delete  sections  to  the  cone  or 
to  change  the  size  of  the  vortex  finder. 

Cyclones  are  available  for  separating  or  classifying  solids  over  a  broad 
particle  size  range,  from  2000  microns  down  to  10  microns.  However,  for 
treating  dreage  material  slurries,  they  would  be  used  primarily  to  remove 
smaller  size  particles  from  slurries  and  in  situations  where  a  sharp  separa¬ 
tion  by  particle  size  is  needed.  They  are  particularly  applicable  to  situa¬ 
tions  where  space  is  limited. 

Cyclones  are  generally  not  effective  for  slurries  with  a  solids  concen¬ 
tration  greater  than  30  percent,  for  highly  viscous  slurries,  or  for  separa¬ 
tion  of  particle  sizes  with  a  specific  gravity  of  less  than  about  2.5  to  3.2 
(Krebs  Engineers  undated) .  Slurries  with  a  high  clay  content  exhibit  high 
pseudoplasticity  or  high  viscosity  and  cannot  be  effectively  removed  using 
cyclones  or  hydrocyclones  (Oklahoma  State  University  1973). 

Cyclones  are  highly  vulnerable  to  clogging  by  oversized  particles,  and  a 
high  degree  of  prescreening  (or  use  of  progressively  smaller  cyclones  in 
series)  may  be  needed  to  avert  clogging. 

Cyclones  offer  an  effective  means  of  separating  and  classifying  solids 
over  a  broad  range  of  particle  size,  provided  the  solids  concentration  is  not 
too  high  and  the  slurry  is  not  too  viscous.  Cyclones  are  flexible  insofar  as 
they  can  easily  be  arranged  in  parallel  to  accomplish  fine  size  separation  or 
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in  various  series  or  staging  arrangements  to  Improve  classification  of  the 
overflow  or  concentration  of  the  underflow.  They  can  also  be  easily 
integrated  with  other  solids  separation  methods.  However,  each  individual 
cyclones  is  capable  of  handling  only  very  limited  variations  in  flow  rate  and 
particle  size. 

The  capital  and  operating  costs  of  cyclones  are  relatively  low.  They  are 
simple  to  operate  and  easy  to  maintain  since  they  contain  no  moving  parts. 
Liners  require  periodic  replacement  but  this  can  be  done  easily. 

Cyclone  assemblies  take  up  less  space  chan  most  solids-separaCion  equip¬ 
ment  and  are  well  suited  for  tight  locations.  Because  of  their  compactness 
and  simplicity  of  operation,  cyclones  are  also  well  suited  for  inclusion  in 
mobile  treatment  systems. 

The  cost  of  cyclones  varies  widely  according  to  the  size  and  the  number 
of  cyclones  placed  in  series.  The  feed  rate  can  vary  from  a  few  gallons  per 
minute  up  to  several  thousand  gallons  per  minute,  and  the  size  of  each  cyclone 
can  viry  from  1/2  in.  to  30  in.  in  diameter.  Initial  costs  for  cyclones  can 
be  as  low  as  $5,000  or  Indefinitely  high,  depending  on  the  configuration 
(Hoffman  Muntnor  Corp.  1978;  Krebs  Engineers  undated). 

Solidif Icatlon/Stabilization 

Solidification  and  stabilization  are  terms  which  are  used  to  describe 
treatment  which  accomplishes  one  or  more  of  the  following  objectives  (USEPA 
1982b) : 

a.  Improves  waste  handling  or  other  physical  characteristics  of  the 
waste . 

b.  Decreases  the  surface  area  across  which  transfer  or  loss  of  contained 
pollutants  can  occur. 

c.  Limits  the  solubility  or  toxicity  of  hazardous  waste  constituents. 

Solidification  is  used  to  describe  processes  where  these  results  are 

obtained  primarily,  but  not  exclusively,  by  production  of  a  monolithic  block 
of  waste  with  high  structural  integrity.  The  contaminants  do  not  necessarily 
interact  chemically  with  the  solidification  reagents,  but  are  mechanically 
locked  within  the  solidified  matrix.  Contaminant  loss  is  minimized  by 
reducing  the  surface  area.  Stabilization  methods  usually  involve  the  addition 
of  materials  that  limit  the  solubility  or  mobility  of  waste  constituents  even 
though  the  physical  handling  characteristics  of  the  waste  may  not  be  improved 
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(USEPA  1982b,  Culllnane  and  Jones  1985).  Methods  Involving  combinations  of 
solidification  and  stabilization  techniques  are  often  used. 

Solidification/stabilization  methods  can  be  categorized  as  follows: 

a.  Cement  solidification. 

b.  Silicate-based  processes. 

c.  Sorbent  materials. 

d.  Thermoplastic  techniques. 

e.  Surface  encapsulation. 

f.  Organic  polymer  processes. 

g.  Vitrification. 

Detailed  discussions  of  solidification/stabilization  methods  can  be  found 
in  Guide  to  the  Disposal  of  Chemically  Stabilized  and  Solidified  Waste  (USEPA 
1982b)  and  Technical  Handbook  for  Solidification/Stabilization  of  Hazardous 
Waste  (Cullinane  and  Jones  1985) . 

These  documents  should  be  consulted  for  detailed  information  on  these 
processes.  However,  it  should  be  noted  that  the  state-of-the-art  of 
solidlf icatlon/stabllizatlon  methods  is  advancing  rapidly.  Many  manufactures 
are  marketing  processes  which  involve  the  use  of  various  combinations  of  alka¬ 
line  earth  materials  (e.g.,  lime,  cement  kiln  dust,  silicaceous  materials, 
cement)  often  together  with  organic  polymers  and  proprietary  chemicals. 

Cement  solidification  involves  mixing  the  wastes  directly  with  Portland 
cement,  a  very  common  construction  material.  The  waste  is  incorporated  into 
the  rigid  matrix  of  the  hardened  concrete.  Most  solidification  is  done  with 
Type  I  Portland  cement,  but  Types  II  and  V  can  be  used  for  sulfate  or  sulfite 
wastes.  This  method  physically  or  chemically  solidifies  the  wastes,  depending 
upon  waste  characteristics  (USEPA  1982b).  The  end  product  may  be  a  standing 
monolithic  solid  or  may  have  a  crumbly  soil-like  consistency,  depending  upon 
the  amount  of  cement  added. 

Most  contaminated  sediment  slurried  in  water  can  be  mixed  directly  with 
cement,  and  the  suspended  solids  will  be  Incorporated  into  the  rigid  matrix. 
Although  cement  can  physically  incorporate  a  broad  range  of  waste  types,  most 
wastes  will  not  be  chemically  bound  and  are  subject  to  leaching. 

Cement  solidification  is  most  suitable  for  Immobilizing  metals  because  at 
the  pH  of  the  cement  mixture,  most  multivalent  cations  are  converted  into 
insoluble  hydroxides  or  carbonates.  However,  metal  hyd  ■  xides  and  carbonates 
are  insoluble  only  over  a  narrow  pH  range  and  are  subject  to  solubilization 


and  leaching  in  the  presence  of  even  mildly  acidic  leaching  solutions  (e.g., 
rain).  Portland  cement  alone  is  also  not  generally  effective  in  immobilizing 
organics. 

The  end  product  of  cement  solidification  may  not  be  acceptable  for  dis¬ 
posal  without  secondary  containment  regardless  of  whether  the  wastes  are 
organic  or  inorganic  in  nature.  Another  major  disadvantage  is  that  cement- 
based  solidification  results  in  wastes  that  are  twice  the  weight  and  volume  of 
the  original  material,  thereby  increasing  transportation  and  disposal  costs 
(USEPA  1982b).  Because  of  these  limitation,  Portland  cement  is  generally  used 
only  as  a  setting  agent  in  other  solidification  processes,  particularly  the 
silicate-based  processes. 

Another  problem  with  cement  solidification  is  that  certain  contaminants 
can  cause  problems  with  the  set,  cure,  and  permanence  of  the  cement  waste 
solid  unless  the  wastes  are  pretreated.  Some  of  these  incompatible  wastes  are 
(USEPA  1982b) : 

a.  Sodium  salts  of  arsenate,  borate,  phosphate,  iodate,  and  sulfide. 

b.  Salts  of  magnesium,  tin,  zinc,  copper,  and  lead. 

c.  Organic  matter. 

d.  Some  silt  and  clay. 

e.  Coal  or  lignite. 

Major  advantages  to  the  use  of  cement  include  its  relatively  low  cost  and 
the  use  of  readily  available  mixing  equipment. 

Cement  costs  range  from  $60  to  $90  per  ton  at  the  mill.  However,  capital 
expenditure  and  transportation  will  vary  widely  depending  on  the  site  and  the 
waste.  Cost  information  for  specific  wastes  should  be  obtained  from  vendors. 

Silicate-based  processes  refer  to  a  very  broad  range  ot  so  1  id  1 f Icat Ion 
stabilization  methods  that  use  a  siliceous  material  together  with  Lime, 
cement,  gypsum,  and  other  suitable  setting  agents.  Kxtensive  research  is  cur¬ 
rently  underway  on  the  use  ot  siliceous  compounds  in  so  1  i cl  i :  i  >  ,i  1 1  on  .  yanv  o; 
the  available  processes  use  proprietary  additives  anu  c  ialm  to  stabilize  a 
broad  range  of  compounds  from  divalent  metals  to  organic  sc  .ents.  Lhe  basic 
reaction  is  between  the  silirate  material  and  polwalenr  meta.  I'us.  be  sil¬ 
icate  material  that  Is  added  in  the  waste  mav  be  •  !  as:  ,  ,,(st  'i;ri,t'e  sla,;. 

or  other  readily  available  poz/olanlc  materials.  .  l  i;  le  :i  ',  liates  :  a- 
sodium  silicate  or  potassliiir  silicate  are  also  ise-l  .  ;>  ,  i  e:t  me  t  i 

ions  that  act  as  initiators  of  silicate  pr  et  i  p  1 1  a  r  ; .  :  ,i  r  ;  r- 
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either  from  the  waste  solution  or  the  added  setting  agent,  or  both.  The  set¬ 
ting  agent  should  have  low  solubility  and  a  large  reserve  capacity  of  metallic 
Ions  so  that  It  controls  the  reaction  rate.  Portland  cement  and  lime  are  most 
commonly  used  because  of  their  good  availability.  However,  gypsum,  calcium 
carbonate,  and  other  compounds  containing  aluminum.  Iron,  magnesium,  etc.  are 
also  suitable  setting  agents.  The  solid  that  is  formed  In  these  processes 
varies  from  a  moist  claylike  material  to  a  hard  dry  solid  similar  In  appear¬ 
ance  to  concrete. 

Some  of  the  additives  used  in  silicate-based  processes  include  (Culllnane 
and  Jones  1985) : 

a.  Selected  clays  to  absorb  liquid  and  bind  specific  anions  and  cations. 

b.  Emulsifiers  and  surfactants  that  allow  the  incorporation  of 
immiscible  organic  liquids. 

c.  Proprietary  absorbents  that  selectively  bind  specific  wastes.  These 
materials  may  include  carbon,  zeolite  materials,  and  celluloslc 
sorbents. 

There  are  a  number  of  slllcate-based  processes  that  are  currently  avail¬ 
able  or  in  the  research  stages.  Manufacturers'  claims  differ  significantly  in 
terms  of  the  capabilities  of  these  process  for  stabilizing  different  wastes 
constituents.  A  number  of  these  processes  are  described  below. 

The  Chemfix  process  uses  soluble  silicates  with  cement  as  the  setting 
agent.  Research  data  shows  that  the  process  can  stabilize  sludges  containing 
high  concentrations  of  heavy  metals  even  under  very  acidic  conditions  (Spencer 
et  al.  1982). 

The  Envirosafe  I  process  uses  fly  ash  as  the  source  of  silicates  and  lime 
as  the  alkaline  earth  material.  This  method  has  been  shown  to  stabilize  oil 
bearing  sludge  (ASZ  oil  and  grease)  and  neutralize  inorganic  metal  sludge. 

‘^'i.  cess  was  demonstrated  by  use  of  compressive  strength  tests  (using  ASTM 
methods)  and  leach  tests  (Smith  and  Zenobla  1982). 

■^he  DCM  cement  shale  silicate  process  is  a  proprietary  process  formulated 
hv  :>elaware  Custom  Material,  Inc.,  State  College,  PA.  It  involves  use  of 
rement ,  and  emulsifier  for  oily  wastes,  and  sodium  silicate.  Testing  bv 
cr  (ikhaven  National  I  abtjrator  les  showed  that  the  process  could  stabilize  oily 
waste*^  w  1 1 fi  up  to  a  percent  volumetric  loading  (Clark  et  al.  1982). 

•■'aii’i;  ar  f  urers  ■  lalm  tl)at  the  process  can  be  used  to  solidify  wastes  containing 
I  Ids,  organli  Ivents  anil  oils  O'aves  and  i.ranlund,  undated). 
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PQ  Corporation  of  Lafayette  Hill,  Pennsylvania,  has  done  extensive 
research  on  the  use  of  silicates.  Their  research  describes  successful  stabi¬ 
lization  of  a  mixed  heavy  metal/organlc  sludge;  a  waste  containing  high  levels 
of  organics  and  petroleum  by-products;  and  a  waste  containing  organic  solvents 
using  modifications  of  the  process  that  Involves  the  use  of  sodium  silicates 
(Spencer,  et  al.  1982). 

There  is  considerable  research  data  to  suggest  that  silicates  used 
together  with  lime,  cement,  or  other  setting  agents  can  stabilize  a  wide  range 
of  materials  Including  metals,  waste  oil,  and  solvents.  However,  the  feasi¬ 
bility  of  using  silicates  for  any  application  must  be  determined  on  a  site- 
specific  basis  particularly  In  view  of  the  large  number  of  additives  and 
different  sources  of  silicates  that  may  be  used.  Soluble  silicates  such  as 
sodium  and  potassium  silicate  are  generally  more  effective  than  fly  ash,  blast 
furnace  slag,  etc. 

There  is  some  data  to  suggest  that  lime-fly  ash  materials  are  less  dur¬ 
able  and  stable  to  leaching  that  cement-fly  ash  materials  (Cullinane  and 
Jones  1985) . 

Common  problems  with  lime-fly  ash  and  cement-fly  '’.sh  materials  relate  to 
interference  in  cementitious  reactions  that  prevent  bonding  of  materials. 
Materials  such  as  sodium  borate,  calcium  sulfate,  potassium  dichromate,  and 
carbohydrates  can  interfere  with  the  formation  of  bonds  between  calcium  sili¬ 
cate  and  aluminum  hydrates.  Oil  and  grease  can  also  interfere  with  bonding  by 
coating  waste  particles  (Cullinane  and  Jones  1985).  However,  several  types  of 
oily  sludges  have  been  stabilized  with  silicate-based  processes. 

One  of  the  major  limitations  with  silicate-based  processes  is  that  a 
large  amount  of  water  which  is  not  chemically  bound  will  remain  in  the  solid 
after  solidification.  In  open  air,  the  liquid  will  leach  until  it  comes  to 
some  equilibrium  moisture  content  with  the  surrounding  soil.  Because  of  this 
water  loss,  the  solidified  product  is  likely  to  require  secondary  containment. 

Silicate-based  processes  can  employ  a  wide  range  of  materials,  from  those 
which  are  cheap  and  readily  available  to  highly  specialized  and  costly  addi¬ 
tives.  The  services  of  a  qualified  firm  are  generally  needed  to  determine  the 
most  appropriate  formulation  for  a  specific  waste  type. 

Commercial  cement  mixing  and  handling  equipment  can  generally  be  used  for 
silicate-based  processes.  Equipment  requirements  include  chemical  storage 
hoppers,  weight  or  volume-based  chemical-feed  equipment,  mixing  equipment,  and 


waste-handling  equipment.  Ribbon  blenders  and  single-  and  double-shaft  mixers 
can  be  used  for  mixing.  A  number  of  mobile  trailer-mounted  systems  are 
available. 

Solidification  can  also  be  accomplished  In  situ  using  a  lagoon  or  mixing 
pit.  This  would  Involve  the  use  of  common  construction  machinery  such  as  a 
backhoe  or  pull  shovel  to  mix  the  waste  and  reagents.  However >  the  ability  of 
In-sltu  solidification  to  prevent  leaching  of  contaminants  would  need  to  be 
demonstrated  on  a  case-by-case  basis. 

No  costs  for  the  solldlf Icatlon/stablllzatlon  of  dredged  material  are 
available.  It  should  be  emphasized  that  actual  costs  are  highly  waste  and 
site  specific  and  that  specific  site  and/or  waste  characteristics  could  change 
these  cost  estimates  by  several  fold. 

Sorbents  Include  a  variety  of  natural  and  synthetic  solid  materials  that 
are  used  to  eliminate  free  liquid  and  Improve  the  handling  characteristics  of 
wastes.  Commonly  used  natural  sorbent  materials  include  fly  ash,  kiln  dust, 
vermlcullte,  and  bentonite.  Synthetic  sorbent  materials  Include  activated 
carbon  that  sorbs  dissolved  organics;  Hazorb  (product  of  Dow  Chemical),  which 
sorbs  water  and  organics;  and  Locksorb  (product  of  Radecca  Corp.),  which  Is 
reportedly  effective  for  all  emulsions  (Cullinane  and  Jones  1985). 

Sorbents  are  widely  used  to  remove  free  liquid  and  Improve  material  han¬ 
dling.  Some  sorbents  have  been  used  to  limit  the  escape  of  volatile  organic 
compounds.  They  may  also  be  useful  In  waste  containment  when  they  modify  the 
chemical  environment  and  maintain  the  pH  and  redox  potential  to  limit  the 
solubility  of  wastes  (Cullinane  and  Jones  1985) .  Although  sorbents  prevent 
drainage  of  free  water,  they  do  not  necessarily  prevent  leaching  of  contami¬ 
nants,  and  secondary  containment  Is  generally  required. 

The  quantity  of  sorbent  material  necessary  for  removing  free  liquid 
varies  widely  depending  on  the  nature  of  the  liquid  phase,  the  solids  content 
of  the  waste,  the  moisture  level  In  the  sorbent,  and  the  availability  of  any 
chemical  reactions  that  take  up  liquids  during  reaction.  It  is  generally 
necessary  to  determine  the  quantity  of  sorbent  needed  on  a  case-specific 
basis . 

Sorbents  have  not  been  used  for  immobilization  of  contaminants  in  dredged 
material.  There  are  no  costs  available  for  this  application. 

Thermoplastic  solidification  involves  sealing  wastes  in  a  matrix  such  as 
asphalt  bitumen,  paraffin,  or  polyethylene.  The  waste  is  dried,  heated,  and 


dispensed  through  a  heated  plastic  matrix.  The  mixture  Is  then  cooled  to  form 
a  rigid  but  deformable  solid.  Bitumen  solidification  Is  the  most  vldely  used 
of  the  thermoplastic  techniques. 

Thermoplastic  solidification  involving  the  use  of  an  asphalt  binder  is 
most  suitable  for  heavy  metal  or  electroplating  wastes.  Relative  to  the 
cement  solidification,  the  Increase  In  volume  Is  significantly  less  and  the 
rate  of  leaching  significantly  lower.  Also,  thermoplastics  are  little 
affected  by  either  water  or  microbial  attack. 

High  equipment  and  energy  costs  are  principal  disadvantages  of  thermo¬ 
plastic  solidification.  Another  problem  Is  that  the  plasticity  of  the 
matrix-waste  mixture  generally  requires  that  containers  be  provided  for  trans- 
poration  and  disposal  of  materials  which  greatly  increases  the  cost. 

Thermoplastic  solidification  requires  specialty  equipment  and  highly 
trained  operators  to  heat  and  mix  the  wastes  and  solldlfler.  The  common  range 
of  operating  temperatures  is  130  to  230®C.  The  energy  intensity  of  the  oper¬ 
ation  is  Increased  by  the  requirement  that  the  waste  be  thoroughly  dried 
before  solidification.  Therefore,  thermoplastic  solidification  is  not 
practical  for  dredged  material. 

Surface  encapsulation  describes  those  methods  that  physically  micro  or 
macroencapsulate  wastes  by  sealing  them  In  an  organic  binder  or  resin.  Sur¬ 
face  encapsulation  can  be  accomplished  using  a  variety  of  approaches.  Three 
methods  which  have  been  the  subject  of  considerable  research. 

One  process  involves  the  microencapsulation  of  wastes  with  polyethylene 
and  forming  the  waste  Into  a  block  jacketed  by  high-density  polyethylene. 
Another  simpler  approach  is  to  load  the  contaminated  soil  into  a  high-density 
polyethylene  overpack.  Another  process  involves  the  use  of  an  organic  binder 
to  seal  a  cement-solidified  mass. 

Encapsulation  processes  are  extremely  expensive,  estimated  between  $80 
and  $  100/ton  and  are  not  believed  to  be  economical  for  application  to  dredged 
material. 

Vitrification  of  wastes  involves  combining  the  wastes  with  molten  glass 
at  a  temperature  of  l.SSO^C  or  greater.  However,  the  encapsulation  might  he 
done  at  temperatures  significantly  below  1,350°C  (a  simple  glass  polymer  such 
as  boric  acid  can  be  poured  at  SSO^C).  This  melt  is  then  cooled  into  a  stable 
noncrystalline  solid  (USEPA  1982b). 


■  .’t  .'1  .  i  .«>  .»!  .  «  .'1  .•!  .■«  .»»  i>t  .»»  .»!  ■■  I  I  I*!  i^l  ^1 


This  process  Is  quite  costly  and  so  has  been  restricted  to  radioactive  or 
very  highly  toxic  wastes.  To  be  considered  for  vitrification,  the  wastes 
should  be  either  stable  or  totally  destroyed  by  the  process  temperature. 

Of  all  the  common  solidification  methods,  vitrification  offers  the  great¬ 
est  degree  of  containment.  Most  resultant  solids  have  an  extremely  low  leach 
rate.  Some  glasses,  such  as  borate-based  glasses,  have  high  leach  rates  and 
exhibit  some  water  solubility.  The  high  energy  demand  and  requirements  for 
specialized  equipment  and  trained  personnel  greatly  limit  the  use  of  this 
method. 

Classification  of  wastes  is  an  extremely  energy-intensive  operation  and 
requires  sophisticated  machinery  and  highly  trained  personnel.  No  cost 
information  was  available  for  glassification. 

Evaluation  of  the  technical  feasibility  and  effectiveness  of  solidifica¬ 
tion/stabilization  methods  must  be  determined  on  a  case-by-case  basis.  Com¬ 
mercial  firms  specializing  in  these  processes  should  be  consulted  whenever 
solldif Icatlon/stabillzatlon  is  being  considered.  Samples  of  the  solidified 
product  will  need  to  be  subjected  to  extensive  leaching  tests  unless  a  reli¬ 
able,  effective  means  of  secondary  containment  is  to  be  used.  It  should  be 
noted  that  secondary  containment  is  recommended  with  most  of  the  previously 
described  methods  (except  microencapsulation  and  glassification  for  some  waste 
types).  Similarly,  where  the  end  product  Is  intended  to  be  a  monolithic 
block,  samples  must  be  subjected  to  compressive  strength  tests. 

Solidification/stabilization  methods  run  the  gamut  from  those  that  use 
simple,  safe,  readily  available  equipment  (cement  and  most  silicate-based  pro¬ 
cesses)  to  those  that  require  highly  sophisticated,  costly,  and  specialized 
equipment  (e.g.,  glassification  and  thermoplastic  techniques).  Use  of  these 
hlgti  technology  processes  should  be  limited  to  wastes  that  cannot  be  treated 
cost  effectively  using  any  other  methods.  Regardless  of  the  simplicity  of 
some  of  the  equipment,  professionals  trained  In  these  processes  should  be  con¬ 
sulted  since  formulations  Including  proprietary  additives  are  verv  waste 
spec  i  1  ic  . 

Sol idl f icat ion/stab  I L izat Ion  methods  have  not  been  applied  on  a  large 
sf,i!e  Cci  immobilization  of  rr'nt  jmlnant  s  in  dredged  material  slurries.  Myers 

.)  has  performed  laboratorv-sca  le  studies  using  '  errent  and  pozzolan  ^'ased 
’■  ‘.nulngy  fcir  stabilization  oi  dredged  material  sf)llds  tolli'wlng  dewatering. 


Thermal  Destruction  Processes 

Thermal  destruction  is  a  treatment  method  that  uses  high  temperature 
oxidation  under  controlled  conditions  to  degrade  a  substance  into  products 
that  generally  Include  CO^.  H2O  vapor,  SO2,  HCl  gases  and  ash.  The  haz¬ 

ardous  products  of  the  thermal  destruction/incineration  such  as  particulates, 
SO2,  NO^,  HCl,  and  products  of  Incomplete  combustion  require  air  pollution 
control  equipment  to  prevent  release  of  undesirable  species  into  the  atmo¬ 
sphere.  Thermal  destruction  methods  can  be  used  to  destroy  organic  contami¬ 
nants  in  liquid,  gaseous,  and  solid  streams. 

The  most  common  incineration  technologies  applicable  to  the  treatment  of 
dredged  material  slurries  Include:  liquid  injection,  rotary  kiln,  fluidized 
bed,  and  multiple  hearth.  Of  these,  only  the  rotary  kiln,  fluidized  bed,  and 
multiple-hearth  technologies  have  any  possible  application  for  the  treatment 
of  dredged  material  slurries.  The  operating  principles  and  general  applica¬ 
tion  of  these  technologies  are  summarized  in  Table  4.13. 

Emerging  technologies  for  the  thermal  destruction  of  wastes  Include  (Mon¬ 
santo  Research  Corp,  1981,  Keltz  and  Lee  1983,  Lee  1983,  State  of  California 
1981);  molten  salt,  wet  air  oxidation,  plasma  arch  torch,  circulating  bed, 
high-temperature  fluid  wall,  pyrolysis,  supercritical  water,  advanced  electric 
reactor,  and  vertical  tube  reactor.  These  technologies  are  not  applicable  to 
the  treatment  of  dredged  material  slurries  at  this  time. 

Because  of  the  cost  of  incineration  and  the  extremely  low  fuel  value  of 
most  dredged  material  slurries,  it  is  doubtful  that  thermal  destruction  tech¬ 
nologies  would  ever  be  an  economically  viable  option  for  treating  dredged 
material  slurries.  However,  projects  Involving  small  volumes  of  highly  con¬ 
taminated  material  may  be  candidates  for  application  of  thermal  destruction 
technologies.  Therefore,  the  three  most  applicable  technologies  are  briefly 
discussed  below. 

Rotary  Kiln.  Rotary  kilns  are  capable  of  handling  a  wide  variety  of 
solid  and  liquid  wastes  including  contaminated  sediment.  Rotary  kiln 
incinerators  are  cylindrical  refractory-lined  shells.  They  are  fueled  by 
natural  gas,  oil,  or  pulverized  coal.  Most  of  the  heating  of  the  waste  Is  due 
to  heat  transfer  with  the  combustion  product  gases  and  the  walls  of  the  kiln. 
The  basic  type  of  rotary  kiln  incinerator,  illustrated  in  Klg  4.15,  consists 
oi  the  kiln  and  an  afterburner  (Kiang  and  Metry  1981'). 


Source;  State  of  California  (1981). 
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Table  4.13 

Summary  of  Commonly  Used  Incineration  Technolo 


Figure  4,15.  Rotary  kiln  incinerator 

Materials  to  be  incinerated  are  injected  into  the  kiln  at  the  higher  end 
and  are  passed  through  the  combustion  zone  as  the  kiln  rotates.  The  rotation 
creates  turbulence  and  improves  combustion.  Rotary  kilns  often  employ  after¬ 
burners  to  ensure  complete  combustion.  Most  rotary  kilns  are  equipped  with 
wet  scrubber  emission  controls. 

The  residence  time  and  temperature  depend  upon  combustion  characteristics 
of  the  waste.  Residence  times  can  range  from  a  few  seconds  to  an  hour  or  more 
for  bulk  solids.  Combustion  temperatures  range  from  1500  to  3000°F. 

Rotary  kilns  are  capable  of  burning  materials  in  any  physical  form,  can 
Incinerate  solids  and  liquids  independently  or  in  combination,  and  can  accept 
materials  feed  without  any  preparation  (Monsanto  1981).  Contaminants  that 
have  been  treated  in  rotary  kilns  include  PCBs,  tars,  obsolete  munitions, 
polyvinyl  chloride  wastes,  and  bottoms  from  solvent  reclamation  operations 
(State  of  California  1981). 
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Because  of  their  ability  to  handle  any  physical  form,  and  their  high 
incineration  efficiency,  rotary  kilns  are  the  preferred  method  for  treating 
mixed  solid  residues  (Lee  et  al.  1982). 

The  limitations  of  rotary  kilns  Include  susceptibility  to  thermal  shock, 
the  necessity  for  very  careful  maintenance,  the  need  for  additional  air  due  to 
leakage,  high  particulate  loadings,  relatively  low  thermal  efficiency,  and  a 
high  capital  cost  for  installation  (Monsanto  Research  Corp.  1981). 

Multiple  Hearth.  A  multiple-hearth  incinerator  consists  of  a  refractory- 
lined  steel  shell,  a  rotating  central  shaft,  a  series  of  solid  flat  hearths,  a 
series  of  rabble  arms  with  teeth  for  each  hearth,  an  air  blower,  material-feed 
and  ash-removal  systems,  and  fuel  burners  mounted  on  the  walls  (Monsanto 
Research  Corp.  1981).  Figure  4.16  illustrates  the  components  of  the  multiple 
hearth.  It  can  also  be  equipped  with  an  afterburner,  liquid  waste  burners, 
and  side  ports  for  air  injection.  Temperature  in  the  burning  zone  ranges  from 
1400  to  IdOO^F  and  residence  time  may  be  very  long. 

The  multiple-hearth  Incinerator  can  be  used  for  the  disposal  of  all  forms 
of  combustible  materials,  including  sludges,  tars,  solids,  liquids,  and  gases. 
The  incinerator  is  best  suited  for  materials  such  as  sludges.  The  principal 
advantages  of  multiple-hearth  incineration  include  high  residence  time  for  low 
volatile  materials,  ability  to  handle  a  variety  of  materials,  ability  to  evap¬ 
orate  large  amount  of  water,  high  fuel  efficiency,  and  the  utilization  of  a 
variety  of  fuels.  The  greatest  disadvantages  of  the  technology  include 
susceptibility  to  thermal  shock;  inability  to  handle  materials  containing  ash, 
which  fuses  into  large  rocklike  structures;  and  wastes  requiring  very  high 
temperatures.  Also,  control  of  the  firing  of  supplemental  fuels  is  difficult. 
The  multiple-hearth  incinerator  has  high  maintenance  and  operating  costs 
(Monsanto  Research  Corp.  1981,  State  of  California  1981). 

Fluidized  Bed.  The  f luldlzed-bed  incinerator  illustrated  in  Fig.  4.17 
consists  of  a  cylindrical  vertical  refractory-lined  vessel  containing  a  bed  of 
inert  granular  material,  usually  sand,  on  a  perforated  metal  plate.  Combus¬ 
tion  air  is  Introduced  through  a  plenum  at  the  bottom  of  the  incinerator  and 
rises  vertically,  fluidizing  the  bed  and  maintaining  turbulent  mixing  of  bed 
particles.  Material  to  be  incinerated  is  injected  into  the  bed  and  combustion 
occurs  within  the  bubbling  bed.  Heat  is  transferred  from  the  bed  into  the 
Injected  material.  Auxiliary  fuel  is  usually  injected  into  the  bed.  Bed 
temperatures  vary  from  1400  to  1600°F.  Since  the  mass  of  the  heated  turbulent 
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Figure  4,16.  Multiple  hearth  incinerator 

bed  is  much  greater  than  the  mass  of  the  materials  being  incinerated,  heat  is 
rapidly  transferred  to  these  materials;  a  residence  time  of  a  few  seconds  for 
gases  and  a  few  minutes  for  liquids  is  sufficient  for  combustion  (State  of 
California  1981). 

The  residence  time  is  long  enough  to  allow  the  solid  materials  to  become 
small  and  light  enough  to  be  carried  off  as  particulates.  Suspended  fine  par¬ 
ticulates  are  usually  separated  in  a  cyclone  when  exhaust  gases  pass  through 
air  pollution  control  devices  before  being  released  into  the  atmosphere. 

Fluidized  bed  incinerators  are  a  relatively  new  design,  presently  being 
applied  for  liquid,  solid,  and  gaseous  combustible  wastes.  The  most  typical 
materials  treated  in  fluidized  beds  Include  slurries  and  sludges.  Some  wastes 
require  pretreatment  prior  to  entering  the  reactor.  The  pretreatment  may 
involve  drying,  shredding,  and  sorting.  The  fluidized  bed  handles  the  same 
waste  that  can  be  treated  in  the  rotary  kiln  (Monsanto  Research  Corp.  1981). 

Fluidized  beds  are  typically  used  for  the  disposal  of  municipal  waste- 
water  treatment  plant  sludges,  oil  refinery  waste,  and  pulp  and  paper  mill 
waste.  There  are  no  data  on  the  use  of  fluidized  bed  for  incineration  of 
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Figure  A.  17,  Fluidized  bed  incinerator 

contaminated  sediment.  The  technology  has  been  used  for  pharmaceutical 
wastes,  phenolic  wastes,  and  methyl  methacrylate  (State  of  California  1981). 

It  is  particularly  well  suited  for  incineration  of  materials  with  a  high 
moisture  content,  sludges,  and  wastes  containing  large  quantities  of  ash. 
Because  of  the  low  bed  temperature,  the  exhaust  gases  are  usually  low  in 
nitrogen  oxides  (Kiang  and  Metry  1982). 

The  advantages  of  the  fluidized  bed  incinerator  Include  simple  design, 
minimal  NO^  formation,  long  life  of  the  incinerator,  high  efficiency,  simpHc 
Itv  of  operation,  and  relatively  low  capital  and  maintenance  costs.  It  also 
has  the  ability  to  trap  some  gases  In  the  bed,  reducing  the  need  for  and  the 
cost  of  an  emission  control  system.  The  disadvantages  Include  difficulty  in 
removing  residual  materials  from  the  bed,  a  relatively  low  throughput  i apat - 
Itv,  and  the  difficulty  In  handling  residues  and  ash  1  rom.  tlie  bed. 


Treatment  of  Dredged  Material Solids 


Dredged  material  solids  are  those  solid  materials  remaining  after  Initial 
or  final  dewatering  of  the  dredged  material  slurry.  Treatment  of  the  dredged 
material  solids  can  be  accomplished  before  or  after  placement  in  a  disposal 
area.  When  these  technologies  are  applied  prior  to  placement  in  a  disposal 
area,  they  are  preceded  by  mechanical  dewatering  devices  such  as  screens  or 
cyclones. 

Treatment  Prior  to  Placement 

A  variety  of  treatment  technologies  can  be  applied  to  dredged  material 
solids  prior  to  placement  in  the  disposal  area.  In  addition  to  the  thermal 
destruction  and  solidification/stabilization  technologies  that  can  be  used  to 
treat  dredged  material  slurries,  five  major  categories  of  contaminated  soil 
treatment  technologies  have  been  identified  (USEPA  1985).  These  technologies 
Include : 

a.  Extraction. 

b.  Immobilization. 

c.  Degradation. 

d.  Attenuation. 

e.  Reduction  of  volatilization. 

Applicability  and  reliability  of  these  technologies  are  compared  in 
Table  ^  . 

Extrac t ion .  Extraction  techniques  actually  remove  the  undeslred  contami¬ 
nant  J rom  the  solids  Iv  dissolution  in  a  fluid  that  is  subsequently  recovered 
and  treated  either  on  site  or  at  another  location.  This  technology  offers  a 
more  or  less  permanent  solution  to  the  contamination  problem.  The  problem  of 
ultimate  disposal  of  the  contaminants  is,  however,  moved  to  another  location 
and  another  set  or  processes.  The  ultimate  treatment  of  the  contaminated 
extract  lor,  'luld  can  often  be  carried  out  under  more  favorable  conditions,  at 
s  i  f,n  i :  leant  1  ■.  lower  rlsx,  and  at  redviced  costs.  Variables  affecting  this 
techni  logv  include:  the  soluhllltv  of  the  contaminants  in  the  solvent 
selectee,  .  'he  c  oiu  en  t  r  .t  t  1  on  of  contaminants,  and  the  rate  of  dissolution  of 
'ft  .  on t  am  1  na”  t  s  . 

fvt’  o  t:(<n  t  ei  rmo  1  ox  ies  Involve  the  elutriatlon  of  organic  and/or  inor- 
taiii,  .  oi-.s  t  ;  r  lent  s  •  r  'TT,  the  sol,  tor  recovery  or  treatment.  The  soil  is  con- 
r  1  w*  ,i:  a;  pr  o;  r  .  at  e  solvent,  and  the  elutriate  is  collected,  treated. 


Source:  Arthur  D,  Little,  Inc.  (1976). 
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Table  A. 14  (Concluded) 
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and/or  recycled  back  into  the  site.  Extraction  solutions  may  include  water, 
acidic  aqueous  solutions  (sulfuric,  hydrochloric,  nitric,  phosphoric,  and  car¬ 
bonic  acid),  basic  solutions  (sodium  hydroxide),  and  surfactants  (alkylbenzene 
sulfonate).  Water  can  be  used  to  extract  water-soluble  or  water-mobile  con¬ 
stituents.  Acidic  solutions  are  used  for  metals  recovery  and  for  basic 
organic  constituents  including  amines,  ethers,  and  anilines.  Basic  solutions 
are  used  for  metals.  Including  zinc,  tin,  and  lead,  and  for  phenols,  com- 
plextng,  and  chelating  agents.  Surfactants  can  be  used  for  hydrophobic 
organics . 

Both  organic  and  inorganics  are  amenable  for  treatment  by  extraction 
technology.  Extraction  technology  is  currently  at  the  laboratory  stage. 
Studies  have  been  conducted  to  determine  appropriate  solvents.  The  antici¬ 
pated  level  of  treatment  is  variable;  however,  once  the  contaminants  are 
removed,  no  additional  retreatment  is  necessary.  No  cost  information  is 
available  concerning  extraction  technologies. 

Immobilization.  Immobilization  technologies  are  designed  to  capture  the 
contaminants  within  the  soil  mass.  Immobilization  reduces  the  tendency  of  the 
contaminant  to  enter  the  ground  water,  surface  water,  or  atmospheric  exposure 
pathways.  The  immobilized  contaminants,  however,  remain  in  the  soil,  leaving 
the  possfbillty  for  exposure  via  direct  contact  or  contaminant  migration  under 
changed  conditions.  The  three  major  classes  of  immobilization  technology  are 
sorption,  ion  exchange,  and  precipitation. 

Sorption  technologies  are  designed  to  capture  the  contaminants  on  soil 
particles  or  adsorptive  soil  amendments.  Sorption  can  be  applied  to  both 
organic  and  inorganic  contaminants.  Sorption  of  a  contaminant  refers  to  the 
processes  that  result  in  a  higher  concentration  of  the  contaminant  at  the 
surface  or  within  the  solid  phase  than  is  present  in  the  bulk  solution  of 
soils.  Actual  sorption  mechanisms  are  often  unknown;  however,  it  is  believed 
that  sorption  is  the  major  general  retention  mechanism  for  many  organic  com¬ 
pounds  and  metals.  Sorbed  compounds  or  ions  are  in  equilibrium  with  the  soil 
solution  and  are  capable  of  desorption. 

Theoretically,  the  addition  of  organic  matter  to  a  contaminated  soil 
should  remove  metals  from  the  soil  solution,  thus  preventing  their  leaching 
into  the  groundwater.  Organic  materials  most  conducive  for  use  with  contam¬ 
inated  soils  include  agricultural  products  and  by  products  and  activated 
carbon. 


Agricultural  products  and  by  products  (e.g.,  animal  manures,  p.u.r 
residuest  and  food  procasslng  wastas)  have  been  used  extenslvelv  as  t  . 
ditloners.  The  use  of  such  waste  materials  tor  removal  of  metals  ;  r-:-  si, 
has  not  been  extensively  studied.  Sewage  sludges  from  mimic  Ipa!  ar«*i‘  ■  t  .■ 

contain  high  concentrations  of  heavv  metals  and  shouhi  be  av  ilded.  ».i 
materials  may  also  contain  soluble  organic  matter  that  <belates  me t  ,  >  • 

increases  their  mobility.  Maximum  sorption  of  metals  bv  Mrxanli  m, 
obtained  when  the  soil  pH  is  greater  than  The  addition  ot  m  r.n  :  -ir.- 

rials  may  result  In  a  decreased  pH,  requiring  continual  pb  adMistmco  ’ 

Ing.  Potentially,  the  addition  ol  agricultural  products  cm  bvpriMb,  '■  ,■ 

plfectlve  method  for  immobl 1 ir ing  meta Is  In  soil.  However,  agrl'  i  '  ■■  r  d 

nets  and  by  products  are  highly  susceptible  to  microbial  ac  tivltv.  . 

t  Ion  of  the  materials  may  result  In  the  release  ot  metals  and  the  n,:  '  c  r " 
treatment  achievable  is  probably  much  smaller  than  tfie  short  term  iin,c. 
treatments  are  continued.  Kellmlng  Is  llkelv  to  be  a  necessitv  as  wf  '  .  c 

mineralization  of  the  organics  would  tend  to  reduce  the  pH  of  t  lie  s,  •,  .  tem. 

Another  Important  factor  in  the  competition  ol  the  metals  wltfi  organl.  •  ,  -■  !<  h 
are  also  sorbable  on  organic  materials. 

Wastewaters  contaminated  with  heavy  metals  are  amenable  to  tre.itme’ '  wltb 
activated  carbon.  However,  the  addition  of  activated  carbon  to  cont am  Inct ed 
sol's  as  an  adsorbent  is  still  conceptual  In  nature.  The  potential  aebic  able 
treatment  levels  for  metals  In  soil  Is  unknown  because  of  competition  witli 
organics,  the  complicated  nature  of  the  soil  system,  and  the  lack  of  rcsean  li 
on  this  technology.  The  reliability  of  the  technology  is  unknown  and  de sorp¬ 
tion  may  be  a  problem  in  the  long  term  because  of  competition  by  organics  in 
the  soil  and  pH  changes. 

Chelation  of  heavy  metals  with  tetraethylenepentamlne  ftetran)  to  :orn 
stable  metal  chelates  has  been  proposed.  To  be  effective,  this  technologv 
must  be  applied  to  soil  relatively  high  in  clay.  If  tetran  is  applied  to  an 
organic  soil  low  in  clay,  the  tetran-metal  complex  will  remain  in  the  soil 
solution  and  will  be  susceptible  to  leaching.  This  technology  is  conceptual 
in  nature,  based  on  limited  laboratory  and  greenhouse  studies.  The  long-term 
stability  and  factors  affecting  the  process  are  not  well  understood.  In  gen¬ 
eral,  this  technology  cannot  be  considered  reliable  at  this  time. 

Ion  exchange  is  a  means  for  immobilizing  Inorganic  contaminants  similar 
to  sorption.  Initially,  mobile  metal  ions  exchange  positions  with  innocuous 


''  t  'Its  and  bacoM  bound  to  clav  partlclaa  In  tba  aoll  avatcm,  ^(an'.  baav 
•  •  I  > untaalnants  ar*  tlghtlv  bound  bv  coanaon  clay  ■Inaraln.  1 ba  tlvit, 

•  I  lun  axchanga  laatarlalK  In  ■oil  can  b#  enhanced  bv  adalxlng  xvnibeti 
'Her  natural  lun  exchange  matcrlaiH.  •vntbetl<  ceslnx  can  ^e  tat  >re.l  t 
.  Hclective  for  par(i<utar  Mtdic. 

e  addition  of  natural  <lav  ti’  soil  <  ^•ot  awlnated  wit'  atlonli  l-•pouttd 
"en  propoRcd  ca  an  elleitlve  lnaK<)  t  1  i  rat  t  on  t  ec  tmo  I  ogv  .  s  t  1 1  n  .  ,  •»> 

'  ofl,  organic  and  lnorg«''|,  _  imeoai  le  t"  this  l  reatieent  ,  •o.ve.e'  , 

*•  bnc‘  i  og  .  ma  V  n  ■  t  ‘>e  e  t  !  ec  t  1  vr  l  •  f  ‘  c  •  i  l  bb.  I  •.  1  •  e  ■  s  t  , 

'  !  -  e  I  V  low  '  one  en  t  r  .1 1  I  ons  wbeii  o«pa  t  ei'  t  t  be  j  a  t  1  on..  e  .  g  .  .  c  •  .c 

* 

end  1  I.  The  l.itter  cations  t.,i  .  'verwt.f.in  the  ecibange  apse  't.  ■  f  r 

Cl  il  !  ow  I  (jtu  en  t  t  a  t  1  0118  >1  t  be  '  or  aw*  r  .» i  l  na  ,  liic  .  ud  1  ng  f  bos ..  w  c  '  ’  1  . 

'  .  e  s  ,  and  will  not  be  s  1  gn  !  f  1  i  an  t  1  ■.  e  r.  -  'otngad  .  '  a'n  - 1  a  t  o  r  .  .todies  *i  a  . 

■nductecl  <le«on8t  r  ill  ing  ln»ol  1  1  1  /  a  I  1  on  pe  a  t  1  c  1 'le  •-  's.  -■  r' 

•"  ,  tilts  tech  noil. gv  Is  expected  to  ai;s«>  1  mmob  1  i  1  /  .)  ’  t  on  •  c .  ire  a  I  1  .lo 
,  the  etteitlveness  mav  not  'e  .<h  tilg*.  .«s  antic  Ipate'  loir  tbeors  r 
•  c  t  or  ■■  St  nd  1  es  . 

■  I'c  eptualiv,  svntbeclc  Ion  exc  b.cnge  reslna  can  be  added  ic  ionta»lna'e  ‘ 
o  an  Imaob 1 1 1 / a  t 1  on  agent.  W 1 1  b  t  be  right  ■  bo  Ire  o!  ceslns,  o't  at 
end  anlona  (organic  or  Inotganlc  cat  ‘  e  laaobi'.  .red  c  svnt  ie'  resins 
ite  of  application  (mass  par  volume  ol  sc  1  1  )  shcni  1  I  be  -let  e  t  m  1  ned  In 
■t-term  trcatabliltv  studlax.  Tha  acblavabic  treatment  leve.  is  dependent 
••■sin  cbaractcr  ist  Ic  s  and  coopatltlon  1  roin  naturally  occurring  tons  In  t  tie 
■  ii'iln.ited  soil.  The  long-term  effectiveness  of  this  tecbnologv  and 
I  .iltv  of  resins  In  soil  systems  Is  nnlcnown  at  this  tlma.  The  avallabllit 
1  )st  c)f  resins  limit  their  use  in  large  scale  contaminant  i;ontrul 
<■  c;  t  s  . 

A  variety  of  natural  exchange  materials  (zeolites)  are  highly  selective 
!  r  particular  metals.  Clinoptllollte  (Cu  I’n  ■  Cd  '  Pb)  and  mordenite 
f  N :  Zn;  and  Co  Cu  c  Mn)  both  show  selective  exchange  of  heavy  metals.  As 

wlct:  all  Ion  exchangers,  sorption  of  metals  by  zeolites  Is  aftected  by  pH, 
competing  reactions,  choice  of  solvent,  presence  of  complexlng  agents,  solu¬ 
tion  ionic  strength,  and  type  of  Ions  present.  The  effect  of  these  variables 
upon  the  overall  Ion  exchange  performance  of  zeolites  Is  generally  less  com¬ 
plex  and  more  predictable  than  with  resin  exchangers.  This  technology  Is  con 
neptual  for  immobilization  of  heavy  metals  In  soli  systems.  It  has  been  used 


In  agricultural  ayataaa  tor  the  r»t«^ntlcn  of  ammonium  ind  potanslum.  oc 
tachnulonv  looka  promising  tor  u«*  In  soil,  but  research  Is  requlreci 
investigate  the  long-term  potential  for  metal  Immob 1 1 1 za t 1  (ui . 

Another  lamobl  1  Izat  Ion  teibnologv  tor  metals  In  soli  Is  prec  1  [  M  i  ;  i, . 
heor  e  t  1 1  a  1  1  V  ,  precipitation  ociurs  when  the  solubllftv  prncluct  ot  ti-  ; 
•I'ttniiiK  the  precipitate  Is  esieeded  In  the  solution.  Metals  mav  be  i(  l- 

'ated  sulfides,  esrhonstea.  phosphates,  and  hvdroxldes. 

■'esv,  metsls  will  react  with  sulfide  Ions  to  form  Insoluble  met.i 
:  i  lies  'he  extent  of  metal  sii  1  t  f  <te  prei  1  p  1 1  a  t  Ion  Is  a  function  o  1  j  '  .  r  .  po  o'. 
■setai,  sulfide  content,  and  Interterlng  Ions.  A  high  salt  lontent  1:  i  i  *■  .oil 
will  reduce  the  theoretical  extent  ot  precipitation.  Metal  sulfides  i  :  <•  r he 
east  soluble  of  t  be  metal  i  irmpounds  llkelv  to  i  orm  In  tlie  soil  .svst.' 
petlfloT'  from  other  anion  species  wcnild  be  negligible.  I  he  high  st.o  ot 

•seta,  sulfldea  makea  it  possible  ti  precipitate  metals  even  in  the  pro  eiu  <■  ot 
'rganr  liquids  aueft  as  chelating  agents.  l>n  the  other  band,  some  lie,'  . 
metals  will  form  soluble  sulfide  (omplexes:  7,nS,^,  Hg.S,",  HgS  ,  Ac'  .  .ind 
As>  1  fie  (omplexed  metal  mav  hr  more  mobile  than  the  tree  metal  1  ■■ 

ultlde  precipitation  emplovlng  several  sources  of  sultlcle  have  i,:  used 
eiiectlvelv  in  wastewater  treatment.  The  sodium  salts  ol  sulfide  iN.i  uul 
haffS)  are  tilghlv  soluble,  so  that  concentrated  solutions  of  sulfide  i  n  he 
prepared.  however,  addition  of  Na  mav  have  adverse  effects  on  soil  pf,.  -iral 
properties.  halclum  sulfide  (<a.h)  ha.s  been  used,  hut  must  be  prepared  o.  ,i 

♦  fa 

flltirrv  h«cAiin€  ot  Its  low  soluhilltv.  Iron  .sulilde  (FeS)  can  reduce  to 

♦  1 
1  r 

hulflde  precipitation  In  a  natural  soil  system  may  be  Important  :  t 
regulating  the  solution  concentration  of  heavv  metals  onlv  under  redu,  c  >n- 
dltlons.  Sulfides  are  oxidized  to  form  soluble  metal  sulfates  under  .o  ■  :  ic 
soil  condltlonc,  l.e.,  the  condition  occurring  in  upland  and  higher  elc.itions 
of  nearshore  sites.  The  treatment  of  contaminated  soil  bv  precipitation  of 
sulfides  is  purely  conceptual  at  this  time. 

Theoretically,  many  metals  form  Insoluble  compounds  with  carbonates, 
phosphates,  and  hydroxides.  Carbonates  (CaCO^)  ,  superphosphate  (Ca )  ^)  , 
and  lime  (CaO  and  CaCOH)^)  have  been  used  as  soil  amendments  In  attempts  to 
immobilize  metals.  For  maximum  effectiveness,  soil  pH  must  be  maintained  over 
time,  which  may  require  continuous  treatment.  Heavy  metals  may  also  form 
soluble  phosphate,  carbonate,  and  hydroxide  complexes.  These  complexes  may  be 


more  mobile  chan  Che  free  me  Cal  Ion.  If  arsenic  is  presenC  in  Che  soil  sys- 
cem,  Che  use  of  phosphace  may  cauae  Che  release  of  arsenate  Co  Che  soil  solu¬ 
tion.  High  sale  concencratlons  and  Che  presence  of  chelaClng  agenCs  and  oCher 
competing  reactions  may  reduce  the  performance  of  this  technology.  Little  Is 
knovm  about  using  precipitation  aa  a  means  of  treating  contaminated  soli.  The 
kinetics  of  metals  precipitation  In  soil  may  limit  Its  effectiveness. 

Degradation.  Degradation  is  a  family  of  technologies  that  convert  the 
contaminant  species  into  an  Innocuous  or  less  toxic  compound  or  compounds. 
Degradation  is  primarily  applicable  to  organic  compounds;  however.  It  may  be 

applied  to  Inorganic  species  In  a  limited  number  of  cases,  e.g.,  reduction  of 

"♦■h  3 

<  r  to  Cr  .  Degradation  may  also  be  used  In  combination  with  Immobilization 

+  3 

technologies,  e.g.,  precipitation  of  the  Cr  produced  above  in  the  hydroxide 
form. 

Degradation  may  be  accomplished  by  either  chemical  or  biological  means. 
Ciiemical  degradation  techniques  convert  contaminant  species  by  promoting  the 
natural  capacity  ot  the  soil  to  support  oxidation  or  reduction  reactions  or  by 
adding  suitable  reagents.  biological  techniques  utilize  the  action  of  micro¬ 
organisms  to  break  down  organic  compounds  into  innocuous  or  less  toxic  meta¬ 
bolic  products. 

Chemicals  naturally  undergo  reactions  in  soli  that  may  transfonu  them 
into  more  or  less  toxic  products  or  that  may  increase  or  decrease  their 
mobility  In  the  soil.  These  reactions  may  be  classified  as  oxidation  reac¬ 
tions,  reduction  reactions,  and  polymerization  reactions. 

Chemical  oxidation  is  a  process  in  which  the  oxidation  state  of  an  atom 
is  increased.  Oxidation  reactions  within  the  soil  matrix  may  occur  through 
management  of  natural  processes  in  the  soil  or  through  addition  of  an  oxidiz¬ 
ing  agent  to  the  soil  complex.  Oxidation  is  usually  more  applicable  for 
treating  organics  because  metals  U8ua..ly  became  more  mobile  at  higher  oxida¬ 
tion  states.  Arsenic  is  an  exception. 

Organic  wastes  that  are  water  soluble  and  have  half-cell  potentials  below 
the  redox  potential  of  a  well-oxldlzed  soil  are  amenable  to  soil  catalyzed 
reactions.  This  technology  Incorporates  the  addition  of  clay  to  the  con¬ 
taminated  soil.  Greater  oxidation  of  contaminants  Is  expected  In  less 
saturated  soil.  The  level  of  treatment  with  soil-catalyzed  reactions  Is 
variable  depending  on  the  oxidation  potential  of  the  contaminants  and  the 
aeration  of  the  soil.  The  oxidation  of  a  compound  does  not  guarantee  less 


mobile  or  less  toxic  compounds.  Care  must  be  taken  that  oxidation  of  the  con¬ 
taminant  will  not  produce  substances  that  will  cause  more  problems  than  the 
parent  compounds. 

Oxidizing  reagents  may  be  utilized  to  degrade  organic  constituents  In 
soil  systems.  Two  powerful  oxidizing  reagents  that  have  been  successfully 
used  In  wastewater  treatment  are  ozone  and  hydrogen  peroxide.  Organic  wastes 
are  amenable  to  treatment  by  the  addition  of  oxidizing  agents,  subject  to 
considerations  of  the  production  of  more  toxic  or  more  mobile  oxidation 
products.  There  has  been  little  experience  in  using  this  technology  in 
soil-based  systems.  The  potential  level  of  treatment  is  high  for  contaminants 
susceptible  to  oxidation.  In  soil  without  large  quantities  of  competing 
oxldlzable  substances,  and  for  limited  areas  of  contamination.  This  tech¬ 
nology  should  be  considered  as  conceptual  In  nature. 

Chemical  reduction  Is  a  process  In  which  the  oxidation  state  of  an  atom 
is  decreased.  Reduction  of  chemicals  may  occur  naturally  within  the  soil  sys¬ 
tem  or  reducing  agents  may  be  added  to  degrade  reducible  compounds. 

Reducing  agents  and  conditions  vary  with  organ  s  and  metals.  Chemical 
reduction  of  toxic  organics  using  catalyzed  metal  powders  and  sodium  borohy- 
drlde  has  been  demonstrated.  Chlorinated  organics,  unsaturated  aromatics  and 
alphatlcs,  and  other  organics  susceptible  to  reduction  will  be  amenable  to 
this  technology.  This  technology  has  only  been  demonstrated  In  small  field 
plots;  however,  the  potential  appears  to  be  high  for  use  In  small  areas  of 
contamination  or  for  soil  without  large  quantities  of  competing  constituents. 

Hexavalent  chromium  has  been  reduced  to  less  toxic  trivalent  chromium 

using  acidification  agents  (sulfur)  and  reducing  agents  (leaf  litter,  acid 

compost,  or  ferrous  iron).  After  reduction,  liming  can  be  used  to  precipitate 
+3 

the  Cr  .  Caution  is  required,  however,  since  trivalent  chromium  can  be  oxi¬ 
dized  to  Cr^^  under  conditions  prevalent  in  many  soils,  e.g.,  under  alkaline 
and  aerobic  conditions  In  the  presence  of  manganese.  This  technology  has  been 

field  tested  and  has  a  high  treatment  potential. 

_2 

Soil  containing  hexavalent  selenium  (SeO^  )  that  does  not  contain  sig¬ 
nificant  amounts  of  other  metallic  contaminants  Is  amenable  to  reduction 
technology.  However,  the  mobility  of  selenium  increases  with  increasing  pH. 
Therefore,  for  soils  that  contain  selenium  as  well  as  other  metals,  selenium 
could  not  be  treated  If  Increased  pH  were  required  as  part  of  the  treatment 


for  the  other  metals.  This  technology  Is  conceptual  in  nature  and  studies 
have  been  limited  to  those  involving  the  basic  chemistry  of  selenium  in  soil. 

Several  processes  have  been  developed  to  detoxify  PCBs  and  potentially 
dioxins.  All  employ  sodium-based  chemical  reagents  to  remove  chlorine  from 
the  PCB  and  dioxin  molecules.  The  technology  has  been  applied  to  the  treat¬ 
ment  of  PCB-contaminated  oils,  but  is  still  in  the  developmental  stage  with 
respect  to  soil  contamination.  The  proposed  reagents  are  strong  reducing 
agents  and  may  react  with  excess  soil  moisture  and  organic  matter. 

It  has  been  demonstrated  that  naturally  occurring  iron  and  sulfates  in 
contaminated  soil  may  catalyze  initial  polymerization  of  contaminants. 
Treatment  solutions  containing  sulfate-related  constituents  have  been  success¬ 
fully  used  in  polymerization  reactions  in  soil.  This  technology  is  conceptual 
in  nature  and  its  reliability  is  unknown. 

Biodegradation  is  an  important  process  causing  the  breakdown  of  organic 
compounds.  It  is  a  significant  loss  mechanism  in  soil  in  the  mineralization 
process  by  which  organics  are  converted  to  inorganics. 

Micro-organisms,  principally  bacteria,  actinomycetes ,  and  fungi,  are  the 
most  significant  group  of  organisms  involved  in  biodegradation,  and  soil  envi¬ 
ronments  contain  a  diverse  microbial  population.  The  parameters  influencing 
the  rate  of  biodegradation  are  of  two  types: 

a.  Those  that  determine  the  availability  and  concentration  of  the  com¬ 
pound  to  be  degraded  or  that  affect  the  microbial  population  and 
activity. 

b.  Those  that  control  the  reaction  rate. 

Important  parameters  affecting  biodegradation  Include  pH,  temperature, 
soil  moisture  content,  soil  oxygen  content,  and  nutrient  concentration,  among 
many  others  (Bonazountas  and  Wagner  1981). 

A  variety  of  biodegradation  methods  have  been  proposed  including: 

a.  Modification  of  soil  properties. 

b.  Addition  of  organic  amendments. 

c.  Analog  enrichment  for  co-metabolism. 

d.  Augmentation  with  exogenous  acclimated  or  mutant  microorganisms. 

e.  Application  of  cell  free  enzymes. 

In  general,  these  technologies  are  in  various  states  of  development  and  other 
than  the  techniques  using  modification  of  soil  properties  and  augmentation 


with  mutant  microorganisms  have  not  been  applied  on  the  field  scales.  The 
reliability  and  level  of  treatment  of  most  of  these  technologies  is  unknnwr. . 

Attenuation.  The  basic  principle  of  attenuation  is  the  mixing  of  contam¬ 
inated  soil  with  clean  soil  to  reduce  the  concentration  of  contaminants.  The 
process  is  potentially  applicable  to  both  organics  and  inorganics;  however, 
acceptable  concentration  limits  have  been  established  only  for  heavy  metals. 
Attenuation  may  be  accomplished  by  mixing  clean  and  contaminated  dredged  mate¬ 
rial.  This  technology  is  highly  reliable  under  most  conditions.  The  mixing 
of  sediment  or  the  addition  of  other  soil  or  clay  to  the  soil  svstem  m.av  alter 
the  natural  properties.  As  a  result,  the  effectiveness  of  this  technologv  mav 
vary  for  different  compounds.  The  layering  of  contaminated  and  clean  dredged 
material  in  a  disposal  site  is  an  example  of  attenuation. 

Treatment  After  Placement 

Three  basic  technologies  are  available  for  treating  contaminated  dredged 
material  after  initial  placement  in  the  disposal  site:  in  situ  treatment, 
excavation  and  offsite  disposal,  and  onsite  treatment  (excavation,  treatment, 
and  replacement) . 

In  Situ  Treatment.  In  situ  treatment  technologies  Incorporate  those  con¬ 
cepts  presented  in  the  previous  section  with  the  exception  that  the  dredged 
material  has  been  placed  in  the  disposal  area  prior  to  treatment.  Obviously 
this  complicates  and  limits  some  of  the  available  technologies.  The  primary 
limitation  is  the  general  requirement  for  all  the  technologies  that  chemical 
reagents  must  be  mixed  with  the  contaminated  soil.  In  general,  the  applica¬ 
tion  of  reagents  will  range  from  easy  to  difficult  depending  on  the  traf f ica- 
blllty  of  the  site,  the  depth  of  contamination,  and  the  areal  extent  of 
contamination. 

An  additional  technology,  not  previously  discussed,  yet  available  for 
application  to  dredged  material  after  placement,  is  the  reduction  of  volatili¬ 
zation  to  reduce  or  control  air  emissions  or  to  retain  compounds  within  the 
soil  for  longer  periods  of  time  to  allow  for  in-place  treatment.  Three 
methods  for  reducing  volatilization  from  a  site  have  been  proposed:  reduction 
of  soil  vapor  pore  volume,  use  of  physical/chemical  barriers,  and  soil 
cooling. 

Reduction  of  soil  vapor  pore  volume  for  volatilization  control  is  accom¬ 
plished  by  modifying  the  soil  to  reduce  the  partitioning  of  a  compound  into 
the  vapor  phase  and  subsequently  reduce  its  rate  of  volatilization. 


Modifications  Include  compaction  and  water  addition  to  reduce  the  a  1  r  - ;  1 1  .  »■ 
pore  spaces  within  the  soil.  This  technoiogv  Is  useful  for  m» st  vtlati.i 


organic  te.g.,  benzene,  gasoline,  phenol)  and  Inorganli  e.g.,  .  -h. 

metnvl  mercurv)  compounds  and  are  especial  1\  app'.  Icable  to  those  .compounds 
with  a  high  vapor-phase  mobllitv  pi'tential  and  a  low  water-phase  part  it '.or 
potential.  This  teihnology  Is  at  the  laboratorv  stage  of  development  anc 
decreases  In  volatilization  of  compounds  due  to  water  addition  anc  increase  Ir 
MuIk  density  have  been  demonstrated  In  simulated  landfills.  There  ;  .i  n  ten- 
tiai  for  Increased  liquid-phase  mohllltv.  Ke-treatment  ;  s  recjulred  '  ■:  .  :  - 

t  inued  effective  reduction  of  vo 1  at  1 1  I  za t l on . 

soil  cooling  mav  he  used  to  decrease  tfie  temperature  •  the  sol'. 
reduce  the  vapor  pressure  of  volatile  corrtamlnant  .s  and  thus  reduce  their 
VO  I  a  t  1  1  i  za  1 1  on  rate.  'his  tecfinologv  could  be  used  in  conjunct  lor  witf  other 
teihnlques  tc'  enhance  treatment  through  retent  I(ni  i>:  compounds  f.’r  longer 
periods  of  time  with.  In  the  soil.  .holl  temperatures  car  he  lowered  b-  using 
cooling  agents  cont Inucuis 1 v  applied  to  the  soil  or  through  mod  1 f 1 ca 1 1 ons  tc 
the  soil  surface.  Experimental  and  limited  field  applications  have  been 
conducted  on  liquid  spills;  however,  no  reports  are  available  on  soil  surface 
cooling  tor  vapor  mitigation.  Soil  cooling  bv  surface  modification  is  used  In 
agricultural  operations.  loollng  agents  are  more  effective  than  sol.  r.odlfl- 
catlons,  but  are  not  llkelv  to  be  practical  because  of  cost,  long-term  reli¬ 
ability  requires  continuous  treatment. 

fnslte  Treatment.  tlnslte  treatment  utilizes  the  concepts  presented 
above,  however,  the  dredged  material  must  be  rehandled,  l.e.  excavated, 
treated,  and  replaced  in  the  same  disposal  area. 

Of  fslte  Disposal .  Offsite  disposal  includes  the  concept  of  temporary- 
storage  with  subsequent  disposal  in  another  permanent  disposal  area  or  reuse 
of  the  materials  for  some  productive  purpose.  This  concept  is  discussed  in 
detail  in  the  section  on  reuse  of  dredged  material. 

Summary  of  Dredged  Material  Solids  Treatment  Methods 

Conceptually,  dredged  material  solids  can  be  treated  with  a  variety  of 
technologies.  Among  these  are  Incineration,  sol idif icatlon/stablllzat ion , 
extraction,  immobilization,  degradation,  attenuation,  and  reduction  of  vola¬ 
tilization.  Incineration,  although  a  demonstrated  technology  for  organics 
destruction  is  believed  to  be  far  too  costly  for  the  treatment  of  contaminated 
dredged  material.  In  addition,  the  technology  has  limited  application  for 


t  rt*at  ciea^ec:  material  solids  cont  airlnated  with  heavy  metals.  Solidifica- 
f  1  or  s?  ar  ;  :  1,’at  loTi  t  er  hno  1  o^t  i  e  s  have  been  demonstrated  at  the  field  scale  for 
wastes  and  at  trie  iahoratorv  scale  tor  dredged  material.  However, 
t*^  Is  t ethnology  has  not  been  proven  for  the  containment  of  organics  or  in  the 
mat  me  er,-.  i  •'  'nment  .  The  remaining  technologies  are  in  various  stages  of 
developme’t  tor  application  to  hazardous  waste  sites  and,  although  they  may 
■  a  .e  sv'me  pi-tential  tor  application  to  dredged  material  solids,  are  many  years 
awa>  :ror  :elr.g  demonstrated  technologies. 

Treatment  of  Site  Waters 


\  variety  of  physical,  chemical,  and  biological  processes  have  been 
(levr.cped  tor  municipal  and  industrial  water  and  waste  treatment  requirements. 
Many  of  'hese  processes  have  potential  in  treating  site  waters  generated  by 
the  dlsposa.  of  contaminated  dredged  material  at  confined  nearshore  and  upland 
disposal  sites.  However,  few  processes  have  actually  been  required  or  applied 
to  dredged  material  disposal.  Among  the  processes  widely  applied  in  confined 
disposal  are  plain  sedimentation  for  solids  and  sediment-bound  contaminant 
removal,  and  chemical  clarification  and  filtration  for  enhanced  removal  of 
particulate  (suspended  solids)  and  sorbed  metals  and  organics.  Use  of 
activated  carbon  for  removal  of  soluble  organics  has  received  some  limited 
application  to  dredged  material.  Other  processes  not  previously  applied  to 
dredged  material  Include  organics  oxidation,  dissolved  solids  removal  methods 
i,e.g.,  distillation),  and  volatiles  stripping.  This  section  describes  and 
discusses  each  process  in  terms  of  demonstrated  or  potential  removal 
efficiencies  for  solids,  sediment-bound  contaminants,  soluble  organics  and 
metals,  dissolved  salts,  and  volatiles. 

The  water  discharged  from  a  disposal  site  will  vary  in  quantity  and 
quality  over  time.  Site  effluent  will  be  produced  in  large  quantities  for 
hydraulically  dredged  sediment  during  the  dredging  process.  This  effluent 
will  usually  be  of  lower  contaminant  concentration  than  that  found  in  the 
interstitial  water  and  will  almost  always  oe  of  lower  contaminant  concentra¬ 
tion  than  that  of  future  water  discharges  from  the  site.  Runoff  water  will  : 
produced  during  site  dewatering  and  periods  of  precipitation  on  the  site. 
Runoff  will  be  of  concern  primarily  during  the  dewatering  and  prior  to  pla^e 
ment  of  a  surface  cap  on  the  site.  Runoff  water  may  be  of  higher  conta'-i:  r  r 
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concentration  than  tha  original  aita  affluent.  Leachate  water  is  produced  as 
water  ■oves  through  the  dredged  aaterial  and  out  the  sides  and  bottom  of  a 
disposal  site.  This  water  is  produced  in  the  smallest  quantities  but  may 
contain  relatively  high  contaminant  concentrations  and  may  persist  for  a  long 
period  of  time.  Leachate  treatment  usually  requires  collection  via  drains 
placed  under  the  site  (underdrains).  This  section  applies  mainly  to  treatatent 
of  site  effluent,  long-term  site  runoff,  end  leachate. 

Because  the  liquid  streams  from  dredged  material  sites  are  so  diverse  in 
volume,  type,  and  concentration  of  contaminants,  a  wide  variety  of  treatment 
processes  may  be  applicable  at  dredged  material  disposal  sites.  This  section 
addresses  those  processes  that  are  considered  most  applicable.  Rarely  will 
any  one  unit  treatsMnt  process  be  sufficient  for  site  water  treatment.  There¬ 
fore,  the  discussions  that  follow  include  information  on  unit  treatment 
processes  that  are  frequently  used  in  combination  and  any  pretreatment 
requirements  that  are  a  prerequisite  to  effective  use  of  each  treatment 
process . 

Aqueous  treatment  at  disposal  sites  can  be  accomplished  using  one  of  four 
general  approaches: 

a.  Onsite  treatment  using  a  mobile  treatment  system. 

b.  Onsite  construction  and  operation  of  treatment  systems. 

c.  Pretreatment  followed  by  discharge  to  a  publicly  o%med  treatment 
works  (POTW) . 

d.  Hauling  of  water  to  an  offsite  treatment  facility. 

Mobile  treatment  systems  and  systems  constructed  onsite  have  broadest 
applicability.  Waters  discharged  to  POTWs  often  require  extensive  pre- 
treatment  in  order  for  the  facility  to  meet  its  NPDES  permit  conditions. 

Other  factors  that  determine  the  feasibility  of  POTW  discharge  Include  whether 
the  facility  has  the  hydraulic  capacity  to  handle  the  water,  whether  accepting 
Che  water  will  result  in  additional  monitoring  requirements  or  process 
changes,  and  Che  potential  for  opposition  in  the  community.  Hauling  water 
offsite  for  treatment  is  limited  to  all  but  very  small  wastewater  volumes. 

Treatment  of  site  waters  from  Che  disposal  of  contaminated  dredged  mate¬ 
ria]  will  be  analogous  Co  treatment  of  liquid  wastes  from  industrial 
processes.  The  principal  liquid  waste  management  alternatives  Incorporate 
either  Joint  treatment  or  separate  treatment.  The  concept  of  joint  treatment 
Involves  the  collection  and  Cransporation  of  liquid  wastes  to  an  offsite 


facility  owned  and  operated  by  a  separate  entity,  l.e.,  municipality,  sewerage 
district,  or  Industry.  The  concept  of  separate  treatment  usually  Involves  the 
construction  and  operation  of  onsite  collection  and  treatment  facilities 
capable  of  meeting  required  discharge  standards.  Advantages  often  cited  for 
joint  treatment  are  reduced  capital  Investment,  operational  costs,  and  operat¬ 
ing  responsibilities.  These  may  be  totally  or  partially  offset  by  stringent 
pretreatment,  metering,  and  monitoring  requirements;  transport  of  the  col¬ 
lected  wastes  to  the  joint  treatment  facility;  and  substantial  user  fees 
Imposed  by  the  owner/operator  of  the  joint  treatment  facility.  Major 
advantages  of  a  separate  treatment  system  Include  the  retention  of  ownership 
and  operational  control  of  the  treatment  facilities  and  separate  treatment 
facilities  may  be  more  economical  to  control.  Major  disadvantages  of  separate 
treatment  Include  the  need  to  meet  stringent  discharge  requirements,  opera¬ 
tional  problems  caused  by  seasonal  or  periodic  waste  generation,  the  expense 
of  construction  and  operation,  and  maintenance  of  a  skilled  labor  force. 

Regardless  of  the  general  concept  of  liquid  stream  treatment,  it  may  be 
necessary  to  treat  the  liquid  wastes  prior  to  discharge  to  either  a  joint 
treatment  facility  (pretreatment)  or  to  the  environment.  Table  4.15  lists 
water-treatment  methods  and  Indicates  those  which  have  been  applied  at  dredge 
material  disposal  sites.  The  treatment  processes  can  be  grouped  Into  various 
levels  of  treatment,  depending  upon  a  particular  class  of  contaminant  being 
removed.  Six  levels  of  treatment  were  identified  and  are  defined  as  follows: 

a.  Level  I  is  the  removal  of  suspended  solids  and  particulate-bound 
contaminants . 

b.  Level  11  Is  additional  treatment  for  removal  of  soluble  metals. 

c.  Level  111  Is  further  processing  to  remove  soluble  organics. 

d.  Level  IV  is  treatment  for  removal  of  nutrients. 

e.  Level  V  is  the  purification  of  the  wastes  bv  dissolved  solids 
removal . 

f.  Level  VI  is  disinfection. 

The  relationships  between  levels  of  treatment  are  illustrated  by  means  of 
the  process-substitution  diagram  shown  in  Fig.  4.18.  Increasing  levels  of 
treatment  result  in  Increasing  percentages  of  contaminant  removal.  A  compari¬ 
son  of  the  relative  efficiencies  of  the  treatment  levels  is  given  in 
Table  4.16.  The  qualitative  ranges  of  soluble  concentrations  remaining  after 
each  treatment  level  and  percent  removals  are  based  on  actual  monitoring  of 


Table  4.15 

Listing  of  Water-Treataent  Processes 


Treatment  Process 

Proven 

Method 

Proven  Not 
Demonstrated 

Applied  to 
Dredged 
Material 

Not  Applied 
to  Dredged 
Material 

Suspended  solids 

Plain  sedimentation 

X 

X 

Chemical  clarification 

X 

X 

Filtration 

X 

X 

Soluble  metals 

Precipitation 

X 

X* 

Soluble  organics 

Adsorption 

X 

X 

Ozonation 

X 

X 

Dissolved  solids 

Distillation 

X 

X 

Reverse  osmosis 

X 

X 

X 

Electrodialysis 

X 

X 

Ion  exchange 

X 

X 

Volatiles 

Stripping 

X 

X 

Leachate^ 

Biological 

X 

X 

Physical/chemical 

X** 

X 

*  Limited  success  on  pilot  scale. 

**  Potential  for  use  of  existing  municipal  or  Industrial  process  for  treat¬ 
ment  offsite. 

disposal  sites  for  Levels  I  and  II  (where  applicable)  and  on  best-available 
water-treatment  technology  for  Levels  III  and  V.  It  should  be  noted  that  the 
estimates  made  for  soluble  organics  and  soluble  metals  removals  past  Level  I 
are  mean  values  and  represent  a  grouping  of  contaminants  with  large  ranges  of 
solubility  and  treatability.  The  data  In  Table  4.16  should  be  viewed  as  pre¬ 
liminary  for  planning  purposes  only  and,  as  such  are  presented  to  Illustrate 
potential  levels  of  removals.  Actual  removal-efficiency  data  on  Puget  Sound 
sediment  would  have  to  be  obtained  through  site-specific  testing,  evaluations, 
and  demonstrations. 
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Figure  4.18.  Dispocal  site  water  treatment  process-substitution  diagram 
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Tabl*  4.16 

Contaminant  R««ovl  Efficltncy  of  W«f  r  TrMt— nt  L»vl»* 


Class  of 

Percent 

Water 

Level 

Contaminant 

Removal 

Concentration  Remaining 

I 

Solids 

99.9+ 

mg/1  range 

Metals 

80  to  99+ 

ppb  to  ppm  range** 

Organics 

50  to  90+ 

ppb  to  ppm  range** 

II 

Metals 

99+ 

ppb  range** 

Organics 

50  to  90 

ppb  to  ppm  range** 

III 

Metals 

99+ 

ppb  ranget 

Organics 

95+ 

ppb  ranget 

IV 

Nutrients 

90  to  98+ 

mg/t  range 

V 

Metals 

99+ 

highest  quality  attainable 

Organics 

99+ 

highest  quality  attainable 

VI 

Pathogens 

90  to  99+ 

*  Assumes  Influent  strength  defined  by  dredged  sediment  that  are  not  clas¬ 
sifiable  as  "extremely  hazardous  waste"  under  RCRA  (l.e.,  low  saturation 
Influents) . 

**  Concentrations  based  on  Hoeppel  et  al.  (1978)  and  Palermo  (In 
preparation) . 

t  Concentrations  based  on  capability  of  best-available  treatment  technology. 
Level  I  Treatment 

Plain  Sedimentation.  Many  of  the  contaminants  present  In  the  flow  from  a 
dredging  operation  will  be  removed  during  the  plain  sedimentation  occurring 
within  a  confined  disposal  area.  Confined  disposal  areas  are  used  to  retain 
dredged  material  solids  while  allowing  the  carrier  water  to  be  released  from 
the  disposal  area.  The  effluent  may  contain  levels  of  both  dissolved  and 
particulate-associated  contaminants . 

Release  of  supernatant  waters  from  confined  disposal  sites  occurs  after  a 
retention  time  of  up  to  several  days.  Actual  withdrawal  of  the  supernatant  Is 
governed  by  the  hydraulic  characteristics  of  the  ponded  area  and  discharge 
weir.  This  effluent  is  normally  characterized  by  Its  suspended  solids  concen¬ 
tration  and  rate  of  outflow.  Flow  over  the  weir  Is  controlled  by  the  static 
head  and  the  effective  weir  length  provided.  To  promote  sedimentation,  the 
Inflow  slurry  Is  encouraged  to  pond;  a  minimum  ponding  depth  of  2  ft  is 
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recomnende  a  continuous  disposal  activity.  Ponding  depths  less  than  ^  it 

may  be  ac'  le  If  the  dredging  occurs  Intermittently.  The  depth  of  pond 

water  Is  cc. trolled  by  elevation  of  the  weir  crest.  Minimum  freeboard 
requirements  and  mounding  of  coarse-grained  material  result  in  a  ponded  sur¬ 
face  area  that  Is  smaller  than  the  total  surface  area  enclosed  by  the  dikes. 
Dead  spots  In  corners  and  other  hydraulically  Inactive  zones  further  reduce 
the  effective  surface  area,  where  sedimentation  occurs,  to  considerably  less 
than  the  ponded  surface  area.  Spur  dikes  (internal  dikes)  can  be  used  to 
Improve  settling  efficiency  by  modifying  flow  patterns  through  the  site,  modi¬ 
fying  currents,  and  allowing  more  time  for  settlement  (Fig.  4.19). 

Several  expedient  measures  can  be  employed  to  enhance  retention  of  the 
suspended  solids  within  a  containment  area  of  a  given  size  before  effluent 
discharge  to  receiving  waters.  They  include  intermittent  pumping,  increasing 
the  depth  of  ponded  water,  increasing  the  effective  length  of  the  weir, 
temporarily  discontinuing  dredging  operations,  or  decreasing  the  size  of  the 
dredge . 

Properly  designed  and  operated  confined  disposal  areas  can  be  extremely 
efficient  In  retaining  suspended  solids  and  associated  contaminants.  This  Is 
especially  true  If  the  dredging  Is  conducted  In  a  saltwater  environment  as  Is 
the  case  for  Commencement  Bay.  Palermo  (1984)  found  that  retention  efficiency 
for  suspended  solids  In  three  saltwater  disposal  areas  was  above  99.9  percent 
(Inflow  solids  concentrations  on  the  order  of  100  g/1  and  effluent  suspended 
solids  concentrations  on  the  order  of  tens  of  mg/l).  Similar  high  retention 
of  the  total  concentration  of  metals  was  observed,  varying  from  84.5  to 
99.9  percent.  These  data  are  In  agreement  with  Hoeppel  et  al.  (1978)  and 
other  Investigators.  Hoeppel  et  al.  (1978)  described  similar  retention  for 
organics,  such  as  PCB  and  DDT,  that  remain  closely  associated  with  particles. 
Typical  concentrations  of  various  contaminants  remaining  in  the  effluent  fol¬ 
lowing  plain  sedimentation  are  available  In  Hoeppel  et  al.  (1978)  and  Palermo 
(1984). 

Chemically-Assisted  Clarification.  Flocculation  Is  used  to  describe  the 
process  by  which  small,  unsettleable  particles  suspended  In  a  liquid  medium 
are  made  to  agglomerate  into  larger,  more  settleable  particles.  The  mecha¬ 
nisms  by  which  flocculation  occurs  involve  surface  chemistry  and 
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particle-charge  phenomena.  In  simple  terms,  these  various  phenomena  can  be 
grouped  into  two  sequential  mechanisms  (Kiang  and  Metry  1982) : 

a.  Chemically-induced  destabilization  of  the  requisite  surface-related 
forces,  thus  allowing  particles  to  stick,  together  when  they  touch. 

b.  Chemical  bridging  and  physical  enmeshment  between  the  now  nonrepel¬ 
ling  particles,  allowing  for  the  formation  of  large  particles. 

Flocculation  Involves  three  basic  steps: 

a.  Addition  of  flocculating  agent  to  the  waste  stream 

b.  Rapid  mixing  to  disperse  the  flocculating  agent 

c.  Slow  and  gently  mixing  to  allow  for  contact  between  small  particles. 

Typically,  chemicals  used  to  cause  flocculation  Include  alum,  lime,  vari¬ 
ous  iron  salts  (ferric  chloride,  ferrous  sulfate),  and  organic  flocculating 
agents,  often  referred  to  as  "polyelectrolytes."  These  materials  generally 
consist  of  long-chain,  water-soluble  polymers  such  as  polyacrylamides.  They 
are  used  either  In  conjunction  with  the  Inorganic  flocculants,  such  as  alum, 
or  as  the  primary  flocculating  agent.  A  polyelectrolyte  may  be  termed  cat¬ 
ionic,  anionic,  or  ampholytlc,  depending  upon  the  type  of  lonlzable  groups,  or 
nonlonlc  if  it  contains  no  lonlzable  groups.  The  range  of  physical/chemical 
characteristics  (e.g.,  density,  viscosity,  toxicity,  and  molecular  weight)  of 
the  several  thousand  available  polymers  is  extremely  broad. 

The  Inorganic  flocculants,  such  as  alum,  lime,  or  Iron  salts,  make  use  of 
precipitation  reactions.  Alum  (hydrated  aluminum  sulfate)  Is  typically  added 
to  aqueous  waste  streams  as  a  solution.  Upon  mixing,  the  slightly  higher  pH 
of  the  water  causes  the  alum  to  hydrolyze  and  form  fluffy  gelatinous  precipi¬ 
tates  of  aluminum  hydroxide.  These  precipitates,  partially  due  to  their  large 
surface  area,  enmesh  small  particles  and  thereby  create  larger  particles. 

Lime  and  iron  salts  also  have  a  tendency  to  form  large  fluffy  precipitates  or 
floe  particles.  Many  precipitation  reactions,  such  as  the  precipitation  of 
metals  from  solution  by  the  addition  of  sulfide  Ions,  do  not  readily  form  floe 
particles,  but  rather  precipitate  as  very  fine  and  relatively  stable  colloidal 
particles.  In  such  cases,  flocculating  agents  such  as  alum  and/or  polyelec¬ 
trolytes  must  be  added  to  cause  flocculation  of  the  metal  sulfide  precipitates 
(Canter  and  Knox  1985). 

Once  suspended  particles  have  been  flocculated  into  larger  particles, 
they  usually  can  be  removed  from  the  liquid  by  sedimentation,  provided  that  a 
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sufficient  density  difference  exists  between  the  suspended  matter  and  the 
liquid. 

Flocculation  Is  applicable  to  any  aqueous  waste  stream  where  particles 
must  be  agglomerated  Into  larger  more  settleable  particles  prior  to  sedimenta¬ 
tion  or  other  types  of  treatment.  There  are  no  concentration  limits  for  floc¬ 
culation.  Highly  viscous  waste  streams  will  Inhibit  settling  of  solids. 
Chemical  clarification  is  an  effective  treatment  method  to  remove  turbidity, 
suspended  solids,  and  adsorbed  contaminants  from  the  effluent  of  a  fine¬ 
grained  dredged  material  containment  area.  The  process  Is  used  following 
plain  sedimentation  to  reduce  the  required  chemical  dosage  and,  therefore,  the 
cost  of  treatment  and  to  produce  a  higher  quality  effluent  than  could  be  pro¬ 
duced  in  a  one-stage  settling  process  (Schroeder  1983).  However,  chemical 
clarification  is  an  Ineffective  method  for  removing  soluble  contaminants. 

The  chemical  clarification  process  can  be  adapted  and  simplified  to  per¬ 
form  within  the  constraints  of  a  normal  disposal  operation  (Schroeder  1983). 

In  this  process,  a  liquid  polymeric  flocculant  is  fed  Into  the  effluent  from 
the  primary  containment  area  at  the  weir  structure.  The  weir  structure  and 
discharge  culvert  are  used  to  provide  the  required  mixing  without  mechanical 
equipment.  A  small  secondary  containment  area  Is  used  for  settling  and  stor¬ 
age  of  the  treated  material,  eliminating  the  need  for  a  clarifier  and  sludge 
handling  equipment.  However,  a  mud  pump  may  be  used  to  pump  the  settled 
treated  material  back  Into  the  primary  containment  area  and  to  reduce  the 
required  size  of  the  secondary  containment  area.  A  sketch  of  the  treatment 
process  is  shown  in  Fig.  4.20. 

Liquid  polymeric  flocculants  are  much  simpler  and  less  expensive  to  use 
than  inorganic  coagulants  such  as  ferric  chloride  and  alum  (Wang  and  Chen 
1977).  The  treatment  system  described  above  is  also  less  expensive  than  a 
conventional  system  requiring  a  flash  mixer,  flocculation  basin,  clarifier, 
and  sludge-handling  equipment  (Schroeder  1983,  and  Jones  et  al.  1978). 

Chemical  clarification  must  follow  plain  sedimentation  and  will  not 
appreciably  remove  soluble  and  volatile  contaminants. 

Chemical  clarification,  as  applied  here,  can  remove  up  to  95  percent  of 
the  suspended  solids  and  achieve  an  effluent  quality  of  25  mg/ I  suspended 
solids  (Schroeder  1983).  Adsorbed  contaminants  are  reduced  in  proportion  to 
suspended  solids  removal. 
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Figure  4.20.  Schematic  of  chemical  clarification  facility 


Filtration.  Filtration  is  a  treatment  process  used  to  provide  additional 
removal  of  suspended  solids  and  sediment-bound  contaminants  following  plain 
sedimentation  and  chemical  clarification.  The  process  has  been  adapted  to 
dredging  operations  through  the  use  of  pervious  dikes  and  sandfill  weirs 
(Krizek  et  al,  1976). 

Pervious  dikes  should  use  coarse-grained  deep  beds  that  have  low  clarifi¬ 
cation  efficiency  per  unit  depth  but  maintain  high  permeability  throughout  the 

filter  life.  The  dike  must  not  clog  at  the  surface  or  lose  Its  ability  to 

achieve  the  required  clarification.  Example  pervious  dikes  are  shown  in 
Fig.  4.21.  Typically,  the  dikes  are  6  to  10  ft  high,  and  the  filter  medium  is 

coarse  sand  (Krizek  et  al.  1976,  and  Culp  et  al.  1978).  If  the  system 

malfunctions,  corrective  measures.  If  at  all  possible,  are  extremely 
expensive.  The  water  to  be  treated  should  have  less  than  1.0  g/ I  suspended 
solids  deep  Inside  the  filter  and  not  at  the  face  to  prevent  clogging  and  loss 
of  efficiency  (Krizek  et  al.  1976). 

Sandfill  weirs  consist  of  several  cylindrical  or  rectangular  cells  that 
contain  the  filter  medium  and  provide  filtration  In  a  vertical  gravity  flow. 
Sandfill  weirs  are  much  more  flexible  than  filter  dikes  allowing  easier 
replacement  and  maintenance.  Example  sandfill  weirs  are  shown  in  Fig.  4.22. 
The  depth  of  the  filter  medium  is  generally  kept  as  deep  as  possible  to  pro¬ 
vide  better  solids  retention.  The  filter  medium  Is  generally  sand  with  a 
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Figure  4.21.  Pervious  dikes 
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(a)  DOWNFLOW  WEIR  (c)  DOWNFLOW  CARTRIDGE 


(b)  UPFLOW  WEIR  (d)  UPFLOW  CARTRIDGE 


Figure  4.22.  Sandflll  weirs 
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particle  size  of  about  1  mm  (Krlzek  et  al.  1976)  Sandflll  weirs  require 
excessive  maintenance  If  the  Influent  contains  more  than  1  g/1  suspended 
solids  (Krlzek  et  al.  1976). 

The  filtration  process  can  remove  60  to  98  percent  of  the  suspended 
solids  and  sediment-bound  contaminants.  Typically,  the  effluent  suspended 
solids  concentration  Is  reduced  to  5  to  10  mg/£  In  these  coarse  filters. 

Level  II  Treatment 

Chemical  Precipitation.  Precipitation  Is  a  physicochemical  process 
whereby  some  or  all  of  a  substance  In  solution  Is  transformed  Into  a  solid 
phase.  It  Is  based  on  alteration  of  the  chemical  equilibrium  relationships 
affecting  the  solubility  of  Inorganic  species.  Removal  of  metals  as  hydrox¬ 
ides  or  sulfides  Is  the  most  common  precipitation  application  In  wastewater 
treatment.  Generally,  lime  or  sodium  sulfide  Is  added  to  the  wastewater  In  a 
rapid-mixing  tank  along  with  flocculating  agents  (described  below).  The 
wastewater  flows  to  a  flocculation  chamber  In  which  adequate  mixing  and 
retention  Is  provided  for  agglomeration  of  precipitate  particles. 

Agglomerated  particles  are  separated  from  the  liquid  phase  by  settling  In  a 
sedimentation  chamber  and/or  by  other  physical  processes  such  as  filtration. 

Although  precipitation  of  metals  is  governed  by  the  solubility  product  of 
Ionic  species.  In  actual  practice,  effluent  concentrations  equal  to  the  solu¬ 
bility  product  are  rarely  achieved.  Usually,  the  amount  of  lime  added  Is 
about  three  times  the  stoichiometric  amount  that  would  be  added  to  reduce  sol¬ 
ubility  due  to  the  common  ion  effect.  Figure  4.23  gives  solubilities  of  vari¬ 
ous  metal  hydroxides  and  sulfides  at  various  pH  levels.  The  metal  sulfides 
have  significantly  lower  solubility  than  their  hydroxide  counterparts  and  more 
complete  precipitation  is  achieved.  Metal  sulfides  are  also  stable  over  a 
broad  pH  range.  Many  metal  hydroxides,  on  the  other  hand,  are  stable  only 
over  a  narrow  pH  range;  metals  reach  a  minimum  solubility  at  a  specific  pH, 
but  further  addition  of  lime  causes  the  metal  to  become  soluble  again.  There¬ 
fore,  dosages  of  lime  need  to  be  accurately  controlled.  This  may  be  particu¬ 
larly  challenging  when  working  with  aqueous  wastes  from  waste  disposal  sites 
where  wide  variations  in  flow  rates  and  quantities  of  metals  are  to  be 
removed.  The  stabilities  of  metal  carbonates  are  also  quite  dependent  on  pH. 

Precipitation  is  applicable  to  the  removal  of  most  metals  from  wastewater 
including  zinc,  cadmium,  chromium,  copper,  fluoride,  lead,  manganese,  and 


mercury.  Also,  certain  anionic  species  can  be  removed  by  precipitation,  such 
as  phosphate,  sulfate,  and  fluoride. 

Precipitation  Is  useful  for  most  aqueous  hazardous  waste  aqueous  streams. 
However,  limitations  may  be  Imposed  by  certain  physical  or  chemical  character¬ 
istics.  In  some  cases,  organic  compounds  may  form  organometalllc  complexes 
with  metals,  which  could  inhibit  precipitation.  Cyanide  and  other  ions  in  the 
wastewater  may  also  complex  with  metals,  making  treatment  by  precipitation 
less  efficient. 

Selection  of  the  most  suitable  precipitate  or  flocculant  and  their  opti¬ 
mum  dosages  is  determined  through  laboratory  jar  test  studies.  In  addition  to 
determining  the  appropriate  chemicals  and  optimum  chemical  dosages,  other 
important  parameters  which  need  to  be  determined  as  part  of  the  overall  design 
Include  (Canter  and  Knox  1985): 

a.  Most  suitable  chemical  addition  system. 

b.  Optimum  pH  requirement. 

c.  Rapid  mix  requirements. 

d.  Sludge  production. 

e.  Sludge  flocculation,  settling,  and  dewatering  characteristics. 

Precipitation  is  a  well-established  technology  and  the  operating  param¬ 
eters  are  well  defined.  The  process  requires  only  chemical  pumps,  metering 
devices,  and  mixing  and  settling  tanks.  The  equipment  is  readily  available 
and  easy  to  operate.  Precipitation  can  be  easily  Integrated  into  more  complex 
treatment  systems. 

The  performance  and  reliability  of  precipitation  depends  greatly  on  the 
variability  of  the  composition  of  the  waste  being  treated.  Chemical  addition 
must  be  determined  using  laboratory  tests  and  must  be  adjusted  with  composi¬ 
tional  changes  of  the  waste  being  treated,  or  poor  performance  will  result. 

Precipitation  is  nonselective  in  that  compounds  other  than  those  targeted 
may  be  removed.  Precipitation  Is  nondestructive  and  generates  a  large  volume 
of  sludge  which  must  be  disposed. 

Precipitation  poses  minimal  safety  and  health  hazards  to  field  workers. 
The  entire  system  is  operated  at  near  ambient  conditions,  eliminating  the  dan¬ 
ger  of  high  pressure/hlgh  temperature  operation  with  other  systems.  While  the 
chemicals  employed  are  often  skin  Irritants,  they  can  easily  be  handled  in  a 
safe  manner.  Chemical  precipitation  by  lime  addition  can  significantly  reduce 
the  total  and  soluble  concentrations  of  many  heavy  metals.  The  pH  is  raised 


to  above  pH  11  forming  Insoluble  metallic  hydroxides  from  the  soluble  heavy 
metal  species.  This  process  may  replace  chemical  clarification  in  a  treatment 
scheme.  Chemical  precipitation  follows  plain  sedimentation  and  precedes  fil¬ 
tration.  This  process  has  been  widely  employed  in  water  and  wastewater  treat¬ 
ment  but  has  not  been  examined  and  adapted  for  full-scale  dredging  operations. 

The  removals  are  limited  by  the  solubility  of  the  hydroxide  form  of  the 
heavy  metals  and  the  precipitate  removal.  Some  species  of  heavy  metals  are 
not  removed  by  lime  addition.  Removals  are  improved  if  the  process  is 
followed  by  filtration.  The  effluent  pH  must  be  lowered  before  discharging 
the  water. 

Chemical  precipitation  by  lime  addition  can  remove  as  much  as  99.9  per¬ 
cent  of  certain  metals  while  removing  less  than  10  percent  of  other  metals 
such  as  arsenic.  Refer  to  Table  4.17  for  removal  efficiencies  of  specific 
metals. 

Carbon  Adsorption.  Carbon  adsorption  removes  contaminants  from  water  by 
contacting  the  liquid  waste  stream  with  a  solid  activated-carbon  adsorbent  in 
granular  (most  common)  or  powdered  form.  Organic  and  some  inorganic  species 
become  bound  to  the  surface  of  the  carbon  particles  (adsorption)  and  are  sub¬ 
sequently  removed  along  with  the  adsorbent.  Although  carbon  adsorption  is 
normally  considered  as  an  organics  removal  process,  some  inorganic  species 
(such  as  antimony,  arsenic,  bismuth,  chromium,  tin,  silver,  mercury,  and 
cobalt)  are  partially  adsorbed  (USEPA  1982).  A  listing  of  the  potential  for 
removal  of  inorganic  material  by  activated  carbon  is  given  in  Table  4.18.  A 
more  detailed  discussion  of  carbon  adsorption  is  provided  under  the  section  on 
Level  III  treatment. 

Chemical  Reduction.  Chemical  reduction  involves  addition  of  a  reducing 
agent  that  lowers  the  oxidation  of  a  substance  in  order  to  reduce  toxicity  or 
solubility  or  to  transform  it  to  a  form  that  can  be  more  easily  handled.  For 
example,  in  the  reduction  of  hexavalent  chromium  (Cr(VI))  to  trivalent  chrom¬ 
ium  (Cr(III))  using  sulfur  dioxide,  the  oxidation  state  of  Cr  changes  from 
6+  to  3+  (Cr  is  reduced)  and  the  oxidization  state  of  S  increases  from  2+  to 
3+  (S  is  oxidized).  The  decrease  in  the  positive  valence  or  increase  in  the 
negative  valence  with  reduction  takes  place  simultaneously  with  oxidation  in 
chemically  equivalent  ratios  (Kiang  and  Metry  1982). 


Table  A. 17 

Removal  of  Metals  by  Lime  Precipitation* 


Concentration 

Concentration 

Before  Treatment 

After  Treatment 

Final 

Metal 

mg/J, 

mg/ 1 

pH 

%  Removal 

Antimony** 

— 

— 

11 

90 

Arsenic** 

- 

- 

11 

<10 

23 

23 

9.5 

0 

Barium** 

-1.3  (sol)t 

11 

Bismuth** 

.002  (sol) 

11 

Cadmium 

Trace 

11 

-50 

0.0137 

0.00075 

>11 

94.5 

Chromium  (+6) 

0.056 

0.050 

>11 

11 

Chromium  (+3) 

7,400 

2.7 

8.7 

99.9+ 

15 

0.4 

9.5 

97 

Copper 

15,700 

0.79 

8.7 

99.9+ 

7 

1 

8 

86 

7 

.05 

9.5 

93 

302 

Trace 

9.1 

99+ 

15 

0.6 

9.5 

97 

Gold** 

<.001  (sol) 

11 

90+ 

Iron 

13 

.  2.4 

9.1 

82 

17 

0.1 

10.8 

99+ 

2.0 

1.2'^ 

10.5 

40 

Lead** 

- 

<.001  (sol)t 

11 

90+ 

15 

0.5 

9.5 

97 

Manganese 

2.3 

0.1 

10.8 

96 

2.0 

l.llt 

10.5 

45 

21.0 

0.05 

9.5 

95 

Mercury** 

Oxide  soluble 

<10 

Molybdenum 

Trace 

- 

8.2 

-10 

11 

9 

9.5 

18 

Nickel 

160 

0.08 

8.7 

99.9+ 

5 

0.5  . 

8.0 

90 

5 

0.5 

9.5 

90 

100 

1.5 

10.0 

99 

16 

1.4 

9.5 

91 

Selenium 

0.0123 

0.0103 

>11 

16.2 

Silver 

0.0546 

0.0164 

>11 

97 

Tellurium** 

(<0.001?) 

11 

(?90+) 

_ (Continued) _ 

*  Reference:  Culp  and  Culp  (1974). 

**  The  potential  removal  of  these  metals  were  estimated  from  solubility  data, 
t  Barium  and  lead  reductions  and  solubilities  are  based  upon  the  carbonate, 
ft  These  data  were  from  experiments  using  iron  and  manganese  in  the  organic 
form. 

=1=  Titanium  and  tellurium  solubility  and  stability  data  made  the  potential 
reduction  estimates  unsure. 
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Table  4.17  (Concluded) 


Concentration  Concentration 

Before  Treatment  After  Treatment  Final 


Metal 

mg/ 1 

mg/i 

.  pH 

%  Removal 

Titanium**, + 

(<0.001?) 

1 1 

(?90+) 

Uraniumtt 

7 

9 

Zinc 

.007  (sol) 

1 1 

9fH 

17 

0.3 

9.5 

98 

Uranium  forms  complexes  with  carbonate  Ion.  Quantitative  data  were 
unavailable  to  allow  determination  of  this  effect. 

Chemical  reduction  is  used  primarily  for  reduction  of  hexavalent  chrom¬ 
ium,  mercury,  and  lead.  There  are  currently  no  practical  applications  involv¬ 
ing  reduction  of  organic  compounds. 

Very  simple  equipment  is  required  for  chemical  reduction.  This  Includes 
storage  vessels  for  the  reducing  agents  and  perhaps  for  the  wastes,  metering 
equipment  for  both  streams,  and  contact  vessels  with  agitators  to  provide 
suitable  contact  of  reducing  agent  and  waste.  Some  instrumentation  is 
required  to  determine  the  concentration  and  pH  of  the  waste  and  the  degree  of 
completion  of  the  reduction  reaction.  The  reduction  process  may  be  monitored 
by  an  oxidation-reduction  potential  (ORP)  electrode  (Kiang  and  Metry  1982). 

Chemical  reduction  Is  well  demonstrated  for  the  treatment  of  lead, 
mercury,  and  chromium.  However,  for  complex  waste  streams  containing  other 
potentially  reducible  compounds,  laboratory-  and  pilot-scale  tests  will  be 
required  to  determine  appropriate  chemical  feed  rates  and  reactor  retention 
times. 

Chemical  reduction  can  be  carried  out  using  simple,  readily  available 
equipment  and  reagents.  Capital  and  operating  costs  are  low  and  the  process 
Is  easy  to  Implement. 

Capital  costs  for  chemical  reduction  include  costs  for  chemical  storage, 
chemical  feeding,  and  chemical  mixing.  These  costs  can  be  approximated  using 
Fig.  4.24. 

Chemical  Oxidation.  Reduction-oxidation  (redox)  reactions  are  those  in 
which  the  oxidation-state  of  at  least  one  reactant  is  raised  while  that  of 
another  is  lowered.  In  chemical  oxidation,  the  oxidation  state  of  the  treated 
compound(s)  is  raised.  For  example,  in  the  conversion  of  cyanide  to  cyanate 


Table  4.18 

Potential  for  Removal  of  Inorganic  Material  by  Activated  Carbon 


_ Constituents _ 

Metals  of  high  sorption  potential: 
Antimony 
Arsenic 
Bismuth 
Chromium 
Tin 

Metals  of  good  sorption  potential: 
Silver 
Mercury 

Cobalt 

Zirconium 

Elements  of  falr-to-good  sorption 
potential : 

Lead 

Nickel 

Titanium 

Vanadium 

Iron 

Elements  of  low  or  unknown 
sorption  potential: 

Copper 

Cadmium 

Zinc 

Beryllium 

Barium 

Selenium 

Molybdenum 

Manganese 

Tungsten 

Miscellaneous  Inorganic  water 
constituents : 

Phosphorus 

P,  free  element 
3- 

PO^  phosphate 


Potential  for  Removal  by  Carbon 

Highly  sorbable  In  some  solutions 
Good  In  higher  oxidation  states 
Very  good 

Goad,  easily  reduced 
Proven  very  high 


Reduced  on  carbon  surface 

CH.H  Cl  sorbs  easily,  metal  filtered 
3  g  ^ 

out 

Trace  quantities  readily  sorbed 
possibly  as  complex  Ions 
Good  at  low  pH 


Good 

Fair 

Good 

Variable 

3+  2+ 

FE  good,  FE  poor,  but  may  oxidize 


Slight,  possible  good  If  complexed 

Slight 

Slight 

Unknown 

Very  low 

Slight 

Slight  at  pH  6-8,  good  as  complex  Ion 
Not  likely,  except  as  MnO 
Slight  ^ 


Not  likely  to  exist  In  reduced  form 
In  water 

Not  sorbed  but  carbon  may  Induce 
precipitation  Ca^CPO^)^ 


(Continued) 
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Table  4.18  (Concluded) 


V 


_ Constltuentt 

Free  halogens: 

F2  fluorine 


:s 


Potential  for  Removal  by  Carbon 


CI2  chlorine 


4 

Br2  bromine 


I. 


"2 

Halides: 


Will  not  exist  In  water 
Sorbed  well  and  reduced 
Sorbed  strongly  and  reduced 
Sorbed  very  strongly,  stable 


Cl" 


fluoride 

■,  br".  r 


May  sorb  under  special  conditions 
Not  appreciably  sorbed 


under  alkaline  conditions  using  permanganate,  the  oxidation  state  of  the  cya¬ 
nide  Ion  Is  raised  as  It  combines  with  an  atom  of  oxygen  to  form  cyanate. 

This  reaction  can  be  expressed  as  follows: 


2  NaCN  +  2KMnO,  +  KOH 
4 


2  K^MNO,  +  NaCNO  +  H^O 
2  4  2 


Common  commercially  available  oxidants  include  potassium  permanganate, 
hydrogen  peroxide,  calcium  or  sodium  hypochlorite,  and  chlorine  gas. 

Chemical  oxidation  Is  used  primarily  for  detoxification  of  cyanide  and 
for  treatment  of  dilute  waste  streams  containing  oxldizablc  organics.  Among 
the  organics  for  which  oxidative  treatment  has  been  reported  are  aldehyde, 
mercaptans,  phenols,  benzidine,  unsaturated  acids,  and  certain  pesticides 
(Kiang  and  Metry  1982). 

Chemical  oxidation  can  be  an  effective  way  of  pretreating  wastes  prior  to 
biological  treatment;  compounds  that  are  refractory  to  biological  treatment 
can  be  partially  oxidized  making  them  more  amenable  to  biological  oxidations. 

One  of  the  major  limitations  with  chemical  oxidation  is  that  the  oxida¬ 
tion  reactions  frequently  are  not  complete  (reactions  do  not  proceed  to  C0„ 


and  H2O) .  Incomplete  oxidation  may  be  due  to  oxidant  concentration,  pH,  oxi¬ 


dation  potential  of  the  oxidant,  or  formation  of  a  stable  intermediate  (Kiang 
and  Metry  1982).  The  danger  of  Incomplete  oxidation  Is  that  more  toxic  oxi¬ 
dation  products  could  be  formed.  Chemical  oxidation  is  not  well  suited  to 
high-strength  complex  waste  streams.  The  most  powerful  oxidants  are  rela¬ 
tively  nonselectlve  and  any  oxldlzable  organics  In  the  waste  stream  will  be 
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Figure  4.24.  Costs  of  chemical  storage,  chemical  feeding,  and  chemical  mixing 

treated.  For  highly  concentrated  waste  streams,  this  will  result  in  the  need 
to  add  large  concentrations  of  oxidizing  agents  in  order  to  treat  target  com¬ 
pounds.  Some  oxidant  such  as  potassium  permanganate  can  be  decomposed  in  the 
presence  of  high  concentrations  of  alcohols  and  organic  solvents  (Kiang  and 
Metry  1982). 
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Equipment  requirements  for  chemical  oxidation  are  simple  and  Include  con¬ 
tact  vessels  with  agitators  to  provide  suitable  contact  of  the  oxidant  with 
the  waste,  storage  vessels,  and  chemical  metering  equipment.  Some  Instrumen¬ 
tation  Is  required  to  determine  pH  and  the  degree  of  completion  of  the  oxida¬ 
tion  reaction.  Some  oxidizing  reagents  react  violently  in  the  presence  of 
significant  quantities  of  readily  oxldlzable  materials.  Therefore  reagents 
must  be  added  In  small  quantities  to  avoid  momentary  excesses. 

Oxidation  reactions  can  be  carried  out  using  simple,  readily  available 
equipment;  only  storage  vessels,  metering  equipment,  and  contact  vessels  with 
agitators  are  required.  However,  Implementation  Is  complicated  because  every 
oxidation/reduction  reaction  system  must  be  designed  for  the  specific  applica¬ 
tion.  Laboratory-  and/or  pilot-scale  tests  are  essential  to  determine  the 
appropriate  chemical  feed  rates  and  reactor  retention  times  in  accordance  with 
reaction  kinetics.  Oxidation  and  reduction  has  not  been  widely  used  In  treat¬ 
ing  contaminants  from  dredged  material  disposal  sites. 

A  major  consideration  In  electing  to  utilize  oxidation  technology  Is  that 
the  treatment  chemicals  are  invariably  hazardous,  and  great  care  must  be  taken 
in  their  handling.  In  particular,  the  handling  of  many  oxidizing  agents  is 
potentially  hazardous,  and  suppliers'  Instructions  should  be  carefully 
followed. 

In  some  cases,  undesirable  byproducts  may  be  formed  as  a  result  of  oxida¬ 
tion.  For  example,  addition  of  chlorine  can  result  in  formation  of  bio- 
reslstant  end  products  that  can  be  odorous  and  more  toxic  than  the  original 
compound.  The  possibility  of  this  undesirable  side  reaction  needs  to  be  con¬ 
sidered  when  using  chlorine  for  oxidation  of  wastewaters  (Conway  and  Ross 
1980) . 

Capital  costs  for  chemical  oxidation  include  costs  for  chemical  storage, 
chemical  feeding  and  chemical  mixing.  These  costs  can  be  approximated  using 
Fig.  4.24. 

Ion  Exchange.  Ion  exchange  Is  a  process  whereby  the  toxic  ions  are 
removed  from  the  aqueous  phase  by  being  exchanged  with  relatively  harmless 
ions  held  by  the  Ion  exchange  material.  Modern  ion  exchange  resins  are  pri¬ 
marily  synthetic  organic  materials  containing  ionic  functional  groups  to  which 
exchangeable  ions  are  attached.  These  synthetic  resins  are  structurally 
stable  (that  is,  can  tolerate  a  range  of  temperature  and  pH  conditions), 
exhibit  a  high  exchange  capacity,  and  can  be  tailored  to  show  selectivity 
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towards  specific  Ions.  Exchangers  with  negatively-charged  sites  are  cation 
exchangers  because  they  take  up  positively  charged  ions.  Anion  exchangers 
have  positively  charged  sites  and,  consequently,  take  up  negative  ions.  The 
exchange  reaction  is  reversible  and  concentration  dependent,  and  it  is 
possible  to  regenerate  the  exchange  resins  fo  reuse.  Sorptive  (macroporous) 
resins  are  also  available  for  removal  of  organics  and  the  removal  mechanism  is 
one  of  sorption  rather  than  ion  exchange  (Ghasseml  et  al.  1981). 

Ion  exchange  is  used  to  remove  a  broad  range  of  ionic  species  from  water 
including: 

a.  All  metallic  elements  when  present  as  soluble  species,  either  anionic 
or  cationic. 

b.  Inorganic  anions  such  as  halides,  sulfates,  nitrates,  cyanides,  etc. 

c.  Organic  acids  such  as  carboxylics,  sulfonlcs,  and  some  phenols,  at  a 
pH  sufficiently  alkaline  to  give  the  ions. 

d.  Organic  amines  when  the  solution  acidity  is  sufficiently  acid  to  form 
the  corresponding  acid  salt  (De  Renzo  1978). 

Sorptive  resins  can  remove  a  wide  range  of  polar  and  non-polar  organics. 

A  practical  upper  concentration  limit  for  ion  exchange  is  about  2,500  to 
4,000  mg/£.  A  higher  concentration  results  in  rapid  exhaustion  of  the  resin 
and  Inordinately  high  regeneration  costs.  Suspended  solids  in  the  feed  stream 
should  be  less  than  50  mg/i  to  prevent  plugging  the  resins,  and  waste  streams 
must  be  free  of  oxidants  (De  Renzo  1978). 

Specific  ion  exchange  and  sorptive  resin  systems  must  be  designed  on  a 
case-by-case  basis.  It  is  useful  to  note  that  although  there  are  three  major 
operating  models  (fixed-bed  cocurrent,  fixed-bed  countercurrent,  and  contin¬ 
uous  countercurrent),  fixed  bed  countercurrent  systems  are  most  widely  used. 
Figure  4.25  illustrates  the  fixed  bed  countercurrent  and  continuous  counter- 
current  systems.  The  continuous  countercurrent  system  is  suitable  for  high 
flows.  Complete  removal  of  cations  and  anions  (demineralization)  can  be 
accomplished  by  using  the  hydrogen  form  of  a  cation  exchange  resin  and  the 
hydroxide  form  of  an  anion  exchange  resin.  For  removal  of  organics  as  well  as 
inorganics,  a  combination  adsorptlve/demlnerallzation  system  can  be  used.  In 
this  system,  lead  beds  would  carry  sorptive  resins  that  would  act  as  organic 
scavengers,  and  the  end  beds  would  contain  anion  and  cation  exchange  resins. 

By  carrying  different  types  of  adsorptive  resins  (e.g.,  polar  and  nonpolar),  a 
broad  spectrum  of  organics  could  be  removed  (Ghasseml  et  al.  1981). 
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Source:  Chemical  Seperations  Corporation 

Figure  4.25.  Typical  ion  exchange  installations 


Ion  exchange  is  a  well-established  technology  for  removal  of  heavy  metals 
and  hazardous  anions  from  dilute  solutions.  Ion  exchange  can  be  expected  to 
perform  well  for  these  applications  when  fed  wastes  of  variable  composition, 
nrrvlded  the  system’s  tx  r.v.  >  r v  ' - 

resin  bed  exhaustion  has  occurred.  However,  as  mentioned  previously,  the 
reliability  of  ion  exchange  is  markedly  affected  by  the  presence  of  suspended 
solids.  Use  of  sorptive  resins  is  relatively  new  and  reliability  nrAf.r  vari¬ 
ous  conditions  Is  not  as  well  known. 

Ion  exchange  systems  are  commercially  available  from  a  number  of  vendors. 
The  units  are  relatively  compact  and  are  not  energy  Intensive,  Start-up  or 
shut-down  can  be  accomplished  easily  and  quickly  (Ghasseml  et  al.  1981). 
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These  features  allow  for  convenient  use  of  ion  exchange  and  sorptive  resin 
systems  In  mobile  treatment  systems. 

Although  exchange  columns  can  be  operated  manually  or  automatically,  man¬ 
ual  operation  Is  better  suited  for  disposal  site  applications  because  of  the 
diversity  of  wastes  encountered;  with  manual  operation,  the  operator  can 
decide  when  to  stop  the  service  cycle  and  begin  the  backwash  cycle.  However, 
this  requires  use  of  a  skilled  operator  familiar  with  the  process  (Ghassemi 
et  al.  1981) . 

Use  of  several  exchange  columns  at  a  site  can  provide  considerable  flexi¬ 
bility.  As  described  previously,  various  resin  types  can  be  used  to  remove 
anions,  cations,  and  organics.  Various  columns  can  be  arranged  In  series  to 
increase  service-life  between  regeneration  of  the  lead  bed  or  In  parallel  for 
maximum  hydraulic  capacity.  The  piping  arrangement  would  allow  for  one  or 
more  beds  to  be  taken  out  for  regeneration  while  the  remaining  columns  would 
remain  in  service  (Ghassemi  et  al.  1981). 

Consideration  must  be  given  to  disposal  of  contaminated  Ion  exchange 
regeneration  solution.  In  addition  to  proper  disposal,  another  Important 
operational  consideration  is  the  selection  of  regeneration  chemicals.  Caution 
must  be  exercised  in  making  this  selection  to  ensure  the  compatibility  of  the 
regenerating  chemical  with  the  waste  being  treated.  For  example,  the  use  of 
nitric  acid  to  regenerate  an  Ion  exchange  column  containing  ammonium  Ions 
results  In  the  formation  of  ammonium  nitrate,  a  potentially  explosive 
compound . 

Costs  for  various  sizes  of  Ion  exchange  units  are  presented  in 
Table  4.19.  The  construction  costs  assume  fabricated  steel  contact  vessels 
with  baked  phenolic  linings,  a  resin  depth  of  6  ft,  housing  for  the  columns, 
and  all  piping  and  backwash  facilities. 

Operation  and  maintenance  costs  include  electricity  for  backwashing 
(after  150  bed  volumes  have  been  treated)  and  periodic  repair  and  replacement 
costs.  Costs  for  regenerant  chemicals  are  not  Included  because  they  vary 
depending  on  the  types  and  concentrations  of  target  chemicals  to  be  removed 
from  the  wastewater. 
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Level  III  Treatment 


Carbon  Adsorption.  Carbon  adsorption  removes  contaminants  from  water  by 
contacting  the  stream  with  a  solid  activated-carbon  adsorbent  In  granular 
(most  common)  or  powdered  form.  Organic  compounds  and  some  inorganic  species 
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Table  4. 19 

General  Cost  Data  for  Various  Sizes  of  Exchange  t/’nlts* 


1 

Construction 

Operation  . 
Maintenance  ' 

K 

Plant  Capacity,  gpm 

Cost,  $* 

$/year** 

K 

50 

84,105 

14,530 

1 

195 

1 16,200 

21,260 

C 

305 

134,770 

24,280 

V-* 

438 

154,000 

27,590 

C 

K 

597 

180,270 

31,531 

h:- 

r. 

I 


*  Source:  Adapted  from  Hansen,  Gumerman,  and  Culp  (1979). 

**  Updated  from  1979  to  1984  dollars  using  third  quarter  Marshall  and  Swift 
Index . 

become  bound  to  the  surface  of  the  carbon  particles  (adsorption)  and  are  sub¬ 
sequently  removed  along  with  the  adsorbent.  Carbon  idsorption  is  normally 
used  to  remove  organic  contaminants  that  are  resistant  to  biological 
treatment;  however,  in  some  cases  has  been  used  to  replace  biological  treat¬ 
ment  processes. 

Several  commercial  carbons  are  available.  The  products  differ  in  physi¬ 
cal  properties  such  as  pore  size,  surface  area,  and  adsorption  characteris¬ 
tics.  Some  commercial  carbons  are  listed  In  Table  4.20.  Carbon  selection 
requires  laboratory  testing  of  carbon-adsorption  capacities  for  the  specific 
waste  stream  to  be  treated.  Both  equilibrium  adsorption  isotherms  and  carbon 
column  breakthrough  curves  should  be  determined. 

Carbon  columns  can  be  used  in  either  upflow  or  downflow  configuration  and 
can  be  arranged  in  either  series  or  parallel  operation  as  shown  in  Fig.  4.26. 
Table  4.21  describes  attributes  for  the  various  arrangements.  Downflow  is 
generally  an  inefficient  use  of  activated  carbon  and  will  require  frequent 
backwashing.  Upflow  beds  usually  operate  in  expanded  bed  mode  requiring  no 
backwashing,  but  may  require  pressure  pumping  and  will  cost  more  than  downflow 
beds.  Field  loading  rates  vary  from  2  to  10  gpm  per  square  foot  of  bed  cross 
section.  Bed  depths  range  from  4  ft  to  20  ft.  In  a  pulsed  bed  system,  a 
layer  of  exhausted  carbon  is  withdrawn  from  the  bottom  of  the  carbon  bed  with 
a  regenerated  layer  being  added  to  the  top  of  the  bed. 
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Table  4.20 


Properties  of  Several  Commercially  Available  Carbons* 


Physical  Properties* ** 

ICI 

America 

Hydrodarco 

3000 

Calgon 

Flltrasorb 

300 

(8x30) 

Westvaco 

Nuchar 

WV-L 

(8x30) 

Witco 

517 

(12x30) 

2 

Surface  area,  m  /gm  (BET) 

600-500 

950-1050 

1000 

1050 

Apparent  density,  gm/cc 

0.43 

0.48 

0.48 

0.48 

Density,  backwashed  and  drained 
Ib/cu  ft 

$ 

22 

26 

26 

30 

Real  density,  gm/cc 

2.0 

2.1 

2.1 

2.1 

Particle  density,  gm/cc 

1.4-1. 5 

1.3-1. 4 

1.4 

0.92 

Effective  size,  mm 

0.8-0. 9 

0.8-0. 9 

0.85-1.05 

0.89 

Uniformity  coefficient 

1.7 

1.9  or  less 

1.8  or  less 

1.44 

Pore  volume,  cc/gm 

0.95 

0.85 

0.85 

0.60 

Mean  particle  diameter,  mm 

1.6 

1.5-1. 7 

1.5-1. 7 

1.2 

Specifications 

Sieve  size  (U.S.  std.  serles)- 

maxlmum  % 

Larger  than  No  8 

8 

8 

8 

t 

c 

Larger  than  No.  12 

t 

t 

5 

Smaller  than  No.  30 

5 

5 

5 

5 

Smaller  than  No.  40 

t 

t 

t 

t 

Iodine  no. 

650 

900 

950 

1000 

Abrasion  no.,  minimum 

tt 

70 

70 

85 

Ash  (%) 

tt 

8 

7.5 

0.5 

Moisture  as  packed,  max.  % 

It 

2 

2 

1 

*  Source:  ADL  (1976). 

**  Other  sizes  of  carbon  are  available  on  request  from  the  manufacturers 
t  Not  applicable  to  this  size  carbon. 


Source  USEPA,  1973a 


Figure  4.26.  Granular  activated-carbon  system  configuration 

Powdered  carbon  is  fed  to  a  treatment  system  using  chemical  feed  equip¬ 
ment.  The  spent  carbon  may  either  be  wasted  or  recovered  and  regenerated. 
Carbon  requirements  range  from  250  to  350  lb  of  carbon  per  million  gallons  of 
water  treated.  It  is  conceivable  that  powdered  carbon  could  be  added  to  the 
secondary  settling  basin  with  chemical  addition  during  the  chemical  clarlflca 
tlon  process.  The  carbon  would  adsorb  organics  and  trace  metals  and  could  be 
pumped  back  to  the  plain  sedimentation  basin  along  with  the  rest  of  the  floc¬ 
culated  solids. 

The  choice  of  system  configuration  for  both  granular  and  powdered  carbon 
depends  on  many  factors.  Table  4.22  presents  a  summary  of  the  primary  deter¬ 
minants.  The  flow  direction  depends  on  the  specific  application.  Downflow 
systems  can  accommodate  higher  suspended  concentrations  (l.e.,  63  to  70  mg/O 
if  the  liquid  viscosity  is  similar  to  that  of  water.  Solids  are  filtered  out 
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Table  4.22 

Factors  Affecting  Equilibrium  Adsorbablllty* 


Compound  adsorbablllty  favored  by: 

Increasing  carbon  chain  length** 

Increasing  aromaticity 
Decreasing  polarity 
Decreasing  branching 
Decreasing  solubility 
Decreasing  degree  of  dissociation 
Functionality 

Relative  adsorbablllty:  acids  >  aldehydes  >  esters  >  ketones  > 
alcohols  >  glycols  when  number  of  carbon  atoms  Is  <4 
pH  effects 

Undlssoclated  species  are  more  easily  adsorbed 

-  low  pH  favors  adsorption  of  acids  (e.g.,  volatile  acids,  phenol)t 

-  high  pH  favors  adsorption  of  bases  (e.g.,  amines) 

Other  compounds:  adsorption  can  be  favored  by  higher  pH 

-  Postulated  general  effect: 

Partial  neutralization  of  surface  acidity  reduces 
hydrogen-bonding  of  surface  groups  eliminating  sterlc 
blockage  of  micropores 
Temperature 

Increased  temperatures  can  Increase  rate  of  adsorption  due  to 
viscosity  and  dlffuslvlty  effects 
Exothermic  adsorption  reactions  are  favored  by  decreasing 
temperatures,  usually  a  minor  effect  on  equilibrium  level 

*  Source:  Conway  and  Ross  (1980). 

**  When  the  rate  Is  controlled  by  Intraparticle  transport,  decreasing 
molecular  size  would  result  In  faster  rate,  all  else  being  equal, 
t  This  often  Is  the  most  significant  pH  effect,  so  adsorption  generally  Is 
Increased  with  decreasing  pH. 

and  the  column  requires  periodic  backwashing.  Upflow  systems  can  handle  more 
viscous  liquids  and  require  less  bed  washing.  The  most  commonly  used  contact 
method  is  a  flow  through  column  system. 

Carbon  adsorption  technology  is  applicable  to  dissolved  organics,  gener¬ 
ally.  Many  organics  can  be  reduced  to  the  1  to  10  ug/H  level.  Results  of  an 
EPA  study  showed  that  51  of  60  toxic  organic  compounds  could  be  removed  (USEPA 
1980).  Conventional  water  quality  parameters  (BOD,  COD,  TOC)  are  also  reduced 
by  carbon  adsorption;  the  performance  level  is  dependent  on  the  specific  waste 
stream  characteristics.  Although  there  Is  no  theoretical  technical  upper 
limit  for  the  concentration  of  adsorbable  organics  in  the  waste  stream,  eco¬ 
nomics  in  conventional  systems  generally  dictate  a  practical  limit  of  about 
1  percent. 


<-• 


If  carbon  usage  rates  exceed  1,000  lb  per  day,  regeneration  of  carbon  is 
generally  feasible.  Regeneration  of  spent  carbon  may  be  accomplished  by  a 
variety  of  means,  the  most  common  involving  thermal  destruction  of  the 
adsorbed  organics  in  a  multiple  hearth  furnace.  About  5  to  10  percent  of  the 
carbon  Is  lost  in  this  regeneration  process  (and  most  other  processes)  due  to 
the  creation  of  fines  from  the  mechanical  handling  of  the  carbon.  Other 
regeneration  processes  Include  thermal  treatment  with  steam,  extraction  of 
adsorbed  organics  with  solvents  (Including  acids,  bases,  and  super  critical 
fluids),  and  biological  degradation  of  the  adsorbed  material. 

Activated  carbon  is  a  well  developed  technology  which  is  widely  used  in 
the  treatment  of  hazardous  waste  streams.  It  is  especially  well  suited  for 
removal  of  mixed  organics  from  aqueous  wastes.  Table  4.23  provides  an  indi¬ 
cation  of  the  treatability  of  organics  commonly  found  in  groundwater. 

As  carbon  adsorption  is  essentially  an  electrical  interaction  phenomenon, 
the  polarity  of  the  waste  compounds  will  largely  determine  the  effectiveness 
of  the  adsorption  process.  Highly  polar  molecules  cannot  be  effectively 
removed  by  carbon  adsorption.  Another  factor  to  consider  in  determining  the 
likely  effectiveness  of  carbon  adsorption  is  aqueous  solubility.  The  more 
hydrophobic  (insoluble)  a  molecule  is,  the  more  readily  the  compound  is 
adsorbed.  Low  solubility  humic  and  fulvlc  acids  that  may  be  present  in  the 
groundwater  can  sorb  to  the  activated  carbon  more  readily  than  most  waste  con¬ 
taminants  and  result  in  rapid  carbon  exhaustion. 

In  addition,  some  metals  and  Inorganic  species  have  shown  excellent  to 
good  adsorption  potential,  including  antimony,  arsenic,  bismuth,  chromium, 
tin,  silver,  mercury,  cobalt,  zirconium,  chlorine,  bromine,  and  iodine. 

Carbon  adsorption  is  frequently  used  following  biological  treatment 
and/or  granular  media  filtration  in  order  to  reduce  the  organic  and  suspended 
solids  load  on  the  carbon  columns  or  to  remove  refractory  organics  that  cannot 
be  biodegraded.  Air  stripping  may  also  be  applied  prior  to  carbon  adsorption 
in  order  to  remove  a  portion  of  the  volatile  contaminants,  thereby  reducing 
the  organic  load  to  the  column.  These  pretreatment  steps  all  minimize  carbon 
regeneration  costs. 

The  highest  concentration  of  solute  in  the  Influent  stream  that  has  been 
treated  on  a  continuous  basis  is  10,000  ppm  total  organic  carbon  (TOC),  and  a 
1  percent  solution  is  currently  considered  as  the  upper  limit  (De  Renzo  1978). 
Pretreatment  is  required  for  oil  and  grease  and  suspended  solids. 
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Results  of  Carbon  Adsorption  on  Various  Contaminants* 


Organic  Compounds 
in  Groundwater 

Number  of 
Occurrences 

Influent 
Concentration 
Range /£,* ** 

Carbon 

Effluent 

Concentration 

Achleved/£** 

Carbon  tetrachloride 

4 

130  ug/ £,-10  mg/ £ 

*^1  ug/£ 

Chloroform 

5 

20  ug/£-3,4  mg/£ 

<1  ug/£ 

ODD 

1 

1  ug/ £ 

<.05  g/ £ 

DDE 

1 

1  ug/i 

<0.05  ug/£ 

DDT 

1 

4  ug/ i 

<0.05  ug/£ 

CIS- 1 , 2-dichloroethylene 

8 

5  ug/£-4  mg/£ 

<i  ug/£ 

Dichloropentadiene 

1 

450  ug/£ 

<10  ug/ £ 

Dlsopropyl  ether 

2 

20-34  ug/«. 

<1  ug/£ 

Tertiary  methyl-butylether 

1 

33  ug/£ 

<5.0  ug/£ 

Diisopropyl  methyl  phosphonate 

1 

1,250  ug/£ 

<50  ug/£ 

1 , 3-dichloropropene 

1 

10  ug/£ 

<1  ug/£ 

Dlchlorethyl  ether 

1 

1 . 1  mg/£ 

<1  ug/£ 

D ich loro isop ropy let her 

1 

0.8  mg/£ 

<1  ug/£ 

Benzene 

2 

0.4-11  mg/£ 

<1  ug/£ 

Acetone 

1 

10-100  ug/i 

<10  mg/£ 

Ethyl  acrylate 

1 

200  mg/£ 

<1  mg/£ 

Trlchlorotrif loroe thane 

1 

6  mg/£ 

<10  ug/£ 

Methylene  chloride 

2 

1-21  mg/i 

<100  ug/£ 

Phenol 

2 

63  mg/ £ 

<1  ug/£ 

Or thochlorophenol 

1 

100  mg/£ 

<1  ug/£ 

Te trach loroe thy lene 

10 

5  ug/ £-70  mg/ l 

<1  ug/ £ 

Trichloroethylene 

15 

5  ug- 16  mg/ £ 

‘■'1  ug/£ 

1,1, 1-trichloroethane 

6 

60  ug/ £-25  mg/ £ 

«^1  ug/£ 

Vinylidlene  chloride 

2 

5  ug/ £-4  mg/ £ 

<1  ug/£ 

Toluene 

1 

5-7  mg/ £ 

< 1 0  Mg/ £ 

Xylene 

3 

0.2-10  mg/ £ 

<101  ug/ < 

*  Source:  O'Brien  and  Fisher  (1983). 

**  Analyses  conducted  by  Calgon  Carbon  Corporation  conformed  to  published 
I’SF.l’A  protocol  methods.  Tests  In  the  field  were  conducted  using  avail¬ 
able  analytical  methods. 

Concentrations  of  oil  and  grease  In  the  Influent  should  be  limited  to  10  ppm. 
Suspended  solids  should  be  less  than  50  ppm  for  upflow  systems,  while  downflow 
systems  can  handle  much  higher  solids  loadings. 

The  phenomenon  of  adsorption  is  extremely  complex  and  not  mathematically 
predictable.  To  accurately  predict  performance,  longevity,  and  operating  eco¬ 
nomics,  field  pilot  plant  studies  are  necessary. 

In  order  to  conduct  an  initial  estimate  of  carbon  column  sizing,  the  fol¬ 
lowing  data  need  to  be  established  during  pilot  plant  testing: 


a.  Hydraulic  retention  time  (hours). 

b.  Flow  (gallons/minute). 

c.  Hydraulic  capacity  of  the  carbon  (gallons  waste/pound  carbon). 

d.  Collected  volume  of  treated  waste  at  breakthrough  (gallons). 

e.  Carbon  density  (pounds  carbon/cubic  foot). 

In  the  above  list,  the  term  "breakthrough"  refers  to  the  moment  when  the 
concentration  of  solute  being  treated  first  starts  to  rise  in  the  carbon  unit 
effluent.  The  term  "exhaustion"  refers  to  the  moment  when  the  concentration 
of  solute  being  treated  is  the  same  in  both  effluent  and  Influent. 

Activated  carbon  is  an  effective  and  reliable  means  of  removing  low  solu¬ 
bility  organics.  It  Is  suitable  for  treating  a  wide  range  of  organics  over  a 
broad  concentration  range.  It  is  not  particularly  sensitive  to  changes  In 
concentrations  or  flow  rate  and,  unlike  biological  treatment,  is  not  adversely 
affected  by  toxics.  However,  It  is  quite  sensitive  to  suspended  solids  and 
oil  and  grease  concentrations. 

Activated  carbon  is  easily  Implemented  into  more  complex  treatment  sys¬ 
tems.  The  process  is  well  suited  to  mobile  treatment  systems  as  well  as  to 
onsite  construction.  Space  requirements  are  small;  start-up  and  shut-down  are 
rapid;  and  there  are  numerous  contractors  who  are  experienced  in  operating 
mobile  units. 

Use  of  several  carbon-adsorption  columns  at  a  site  can  provide  consider¬ 
able  flexibility.  Various  columns  can  be  arranged  in  series  to  increase 
service  life  between  regeneration  of  the  lead  bed  or  in  parallel  for  maximum 
hydraulic  capacity.  The  piping  arrangement  would  allow  for  one  or  more  beds 
to  be  regenerated  while  the  other  columns  remain  In  service. 

The  most  obvious  maintenance  consideration  associated  with  activated- 
carbon  treatment  Is  the  regeneration  of  spent  carbon  for  reuse.  Regeneration 
must  be  performed  for  each  column  at  the  conclusion  of  its  bed-life  so  the 
spent  carbon  may  be  restored  as  close  as  possible  to  its  original  condition 
for  reuse;  otherwise,  the  carbon  must  be  disposed  of.  Other  operation  and 
maintenance  requirements  of  activated-carbon  technology  are  minimal  if  appro¬ 
priate  automatic  controls  have  been  Installed. 

It  is  recommended  that  the  thermal  destruction  properties  of  waste  chemi¬ 
cals  be  determined  prior  to  selection  of  activated-carbon  treatment  tech¬ 
nology,  since  any  chemicals  sorbed  to  activated  carbon  must  eventually  be 
destroyed  In  a  carbon  regeneration  furnace.  Therefore,  of  crucial  Importance 


to  the  selection  of  activated  carbon  treatment  Is  whether  the  sorbed  con¬ 
taminants  can  be  effectively  destroyed  In  the  regeneration  furnace;  otherwise, 
upon  Introduction  to  the  furnace,  they  will  become  air  pollutants. 

The  biggest  limitation  of  the  activated-carbon  process  Is  the  high  capi¬ 
tal  and  operating  cost.  As  described  previously,  the  operating  costs  can  be 
substantially  reduced  by  pretreatment  of  the  waste  using  biological  treatment 
or  air  stripping. 

The  cost  of  activated-carbon  units  depends  on  the  size  of  the  contact 
unit,  which  is  influenced  by  the  concentrations  of  the  target  and  nontarget 
organic  compounds  In  the  contaminated  stream  and  the  desired  level  or  target 
compounds  in  the  effluent.  Table  4.24  presents  construction,  operation,  and 
maintenance  costs  for  cylindrical  pressurized,  downflow  steel  contactors  based 

on  a  nominal  detention  time  of  17.5  minutes  and  a  carbon  loading  rate  of 

2 

5  gpm/ft  .  The  construction  costs  Include  housing,  concrete  foundation,  and 
all  the  necessary  pipes,  valves,  and  nozzles  for  operating  the  unit  plus  the 
initial  change  of  carbon.  The  operation  and  maintenance  cost  Include  the 
electricity  and  assume  carbon  replacement  once  a  year.  However,  systems  for 
unloading  spent  carbon  and  loading  fresh  carbon  are  not  included. 

There  are  a  number  of  manufacturers  such  as  Calgon  Carbon  Corporation  who 
market  mobile  activated  carbon  treatment  systems.  For  example,  Calgon  Carbon 
Corporation  has  a  trailer-mounted  carbon-adsorption  treatment  unit  that  can  be 
shipped  to  a  treatment  location  within  24  to  48  hr.  The  system  can  be  con¬ 
figured  with  either  single  or  multiple  pre-plped  adsorber  vessels.  It  can 
handle  flow  of  up  to  200  gpm. 

Carbon-adsorption  system  performance  Is  sensitive  to  the  composition  of 
the  influent  and  flow  variations.  Because  a  system  design  based  on  good  data 
can  perform  poorly  if  influent  conditions  change,  systems  are  generally  over¬ 
sized.  For  fixed-bjd  granular  carbon  systems,  special  attention  must  be  given 
to  the  materials  of  construction  (to  prevent  corrosion  and  mechanical  failure) 
and  to  the  materials  handling  equipment  (pipes,  pumps,  valves,  controls)  for 
the  transfer  of  carbon  to  and  from  various  tanks  and/or  regeneration  units. 

Care  must  be  taken  to  ensure  that  the  adsorption  capacity  of  the  carbon 
is  not  reduced  either  by  chemicals,  resins,  or  fine  precipitates  In  the  influ¬ 
ent  or  by  the  continued  presence  of  similar  chemicals  in  the  residual  water 
(after  draining)  if  the  carbon  is  thermally  regenerated.  In  the  latter  case, 
any  material  (e.g.,  inorganic  salts,  some  resins)  that  is  not  volatilized  or 


Table  4.24 

General  Cost  Data  for  Various  Sizes  of  Activated-Carbon  Contact  Units* 


Capacity 

Column 

Diameter 

Column 

Length 

Housing 

Area 

Construction 

O&M 

Costs 

gpm 

ft 

ft 

ft^ 

Costs,  $** 

$/yr** 

1.7 

0.67 

5 

60 

12,320 

1,690 

17 

2 

5 

150 

23,776 

2,315 

70 

4 

5 

300 

42,425 

4,800 

175 

f' .  ^ 

5 

375 

64,000 

8,110 

350 

9 

5 

450 

93,822 

12,540 

*  Source: 
**  Updated 
Equipment 

Adapted  from 
from  1979  to 
Index. 

Hansen,  Gumerman,  and  Culp  (1979). 

1984  dollars  using  third-quarter  Marshall 

and  Swift 

combusted  during  regeneration  will  remain  In  the  pores  of  the  carbon  resulting 
In  an  Irreversible  loss  of  adsorption  capacity. 

In  all  cases,  it  is  prudent  to  consider  the  possibility  of  biological 
activity  on  the  carbon.  Such  acti.vity  can  help  (via  pollutant  biodegradation) 
or  hinder  (via  clogging  and/or  odor  generation)  the  process.  Suspended  solids 
and  oil/grease  can  interfere  with  carbon  adsorption  treatment.  Influent 
concentrations  of  these  pollutants  should  not  exceed  50  and  10  ppm,  respec¬ 
tively  (Arthur  D.  Little,  Inc.  1976). 

Treatment  of  highly  saline  waters  has  the  potential  of  resulting  in 
insoluble  salt  formation  during  carbon  regeneration.  Rinsing  spent  carbon 
with  fresh  water  prior  to  regeneration  should  prevent  this  potential  problem. 
Site-specific  design  studies  will  indicate  if  carb^'n  regeneration  is  appro¬ 
priate  and  if  freshwater  washing  is  needed. 

Biological  Treatment.  The  function  of  biological  treatment  is  to  remove 
organic  matter  from  the  contaminated  liquid  stream  through  microbial  degrada¬ 
tion.  The  most  prevalent  form  of  biological  treatment  is  aerobic,  l.e.,  in 
the  presence  of  oxygen.  A  number  of  biological  treatment  processes  exist  that 
may  be  applicable  to  treatment  of  aqueous  wastes  from  hazardous  waste  sites, 
including  conventional  activated  sludge;  various  modifications  of  the 
activated  sludge  process  including  pure  oxygen  activated  sludge,  extended 


aeration,  and  contact  stabilization;  and  fixed-film  systems,  which  Include 
rotating  biological  discs  and  trickling  filters. 

In  the  conventional  activated  sludge  process,  aqueous  waste  flows  Into  an 
aeration  basin  where  It  Is  aerated  for  several  hours.  During  this  time,  a 
suspended  active  microbial  population  (maintained  by  recycling  sludge)  aerobi¬ 
cally  degrades  organic  matter  In  the  stream  along  with  producing  new  cells.  A 
simplified  equation  for  this  process  Is  shown  below: 


Organics  +  0^  *  CO2  +  H^O  +  new  cells 

The  new  cells  produced  during  aeration  form  a  sludge,  which  is  settled  out  In 
a  clarifier.  A  portion  of  the  settled  sludge  is  recycled  to  the  aeration 
basin  to  maintain  the  microbial  population  while  the  remaining  sludge  is 
wasted;  i.e.,  it  undergoes  volume  reduction  and  disposal.  Clarified  water 
flows  to  disposal  or  further  processing. 

In  the  pure  oxygen  activated  sludge  process,  oxygen  or  oxygen-enriched 
air  Is  used  instead  of  air  to  Increase  the  transfer  of  oxygen.  Extended  aer¬ 
ation  involves  longer  detention  times  than  conventional  activated  sludge  and 
relies  on  a  higher  population  of  microorganisms  to  degrade  wastes.  Contact 
stabilization  Involves  only  short  contact  of  the  aqueous  wastes  and  suspended 
microbial  solids,  with  subsequent  settling  of  sludge  and  treatment  of  the 
sludge  to  remove  sorbed  organics.  Fixed-film  systems  involve  contact  of  the 
aqueous  waste  stream  with  microorganisms  attached  to  some  inert  medium  such  as 
rock  or  specially  designed  plastic  material.  The  original  trickling  filter 
consisted  of  a  bed  of  rocks  over  which  the  contaminated  water  was  sprayed. 

The  microbes  forming  a  slime  layer  on  the  rocks  would  metabolize  the  organics, 
while  oxygen  was  provided  as  air  moved  countercurrent  from  the  water  flow 
(Canter  and  Knox  1985) . 

Biological  towers  are  a  modification  of  the  trickling  filter.  The  medium 
(e.g.,  polyvinyl  chloride  (PVC) ,  polyethylene,  polystyrene,  or  redwood)  is 
stacked  Into  towers,  which  typically  reach  16  to  20  ft.  The  contaminated 
water  is  sprayed  across  the  top,  and,  as  the  water  moves  downward,  air  is 
pulled  upward  through  the  tower.  A  slime  layer  of  microorganisms  forms  on  the 
media  and  removes  the  organic  contaminants  as  the  water  flows  over  the  slime 
layer. 
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A  rotating  biological  contactor  (RBC)  consists  of  a  series  of  rotating 
discs  connected  by  a  shaft  and  set  in  a  basin  or  trough.  The  contaminated 
water  passes  through  the  basin  where  the  microorganisms,  attached  to  the 
discs,  metabolize  the  organics  present  in  the  water.  Approximately  40  percent 
of  the  disc's  surface  area  is  submerged.  This  allows  the  slime  layer  to 
alternately  come  in  contact  with  the  contaminated  water  and  the  air  where 
oxygen  is  provided  to  the  microorganisms  (Canter  and  Knox  1985) . 

There  is  considerable  flexibility  in  biological  treatment  because  of  the 
variety  of  available  processes  and  adaptability  of  the  microorganisms  them¬ 
selves.  Many  organic  chemicals  are  considered  biodegradable,  although  the 
relative  ease  of  biodegradation  varies  widely.  Several  generalizations  can  be 
safe  with  regard  to  the  ease  of  treatability  of  organics  by  aerobic  biological 
treatment : 

a.  Unsubstituted  nonaromatics  or  cyclic  hydrocarbons  are  preferred  over 
unsubstituted  aromatics 

b.  Materials  with  unsaturated  bonds  such  as  alkenes  are  preferred  over 
materials  with  saturated  bonds 

c.  Soluble  organics  are  usually  more  readily  degraded  than  insoluble 
materials.  Biological  treatment  is  more  efficient  in  removing  dissolved  or 
colloidal  materials,  which  are  more  readily  attacked  by  enzymes.  This  is  not 
the  case,  however,  for  fixed-film  treatment  systems,  which  preferentially 
treat  suspended  matter 

d.  The  presence  of  functional  groups  affects  biodegradability.  Alco¬ 
hols,  aldehydes,  acids,  esters,  amides,  and  amino  acids  are  more  degradable 
than  corresponding  alkanes,  olefins,  ketones,  dicarboxylic  acids,  nitriles, 
and  chloroalkanes 

e.  Halogen-substituted  compounds  are  the  most  refractory  to  biodegrada¬ 
tion;  chlorinated  alphatlcs  are  generally  more  refractory  than  the  correspond¬ 
ing  aromatics,  although  the  number  of  halogens  and  their  position  is  also 
significant  in  determining  degradation. 

f.  Nitro-substltuted  compounds  are  also  difficult  to  degrade  although 
they  are  generally  less  refractory  than  the  halogen-substituted  compounds. 

Although  there  are  a  number  of  compounds  that  are  considered  to  be  rela¬ 
tively  resistant  to  biological  treatment,  it  is  recommended  in  practice  that 
the  treatability  of  waste  be  determined  through  laboratory  biochemical  oxygen 
demand  (BOD)  teats  on  a  case-by-case  basis. 


Despite  the  fact  that  Industrial  type  wastes  may  be  refractory  to  biolog¬ 
ical  treatment,  microorganisms  can  be  acclimated  to  degrade  many  compounds 
that  are  initially  refractory.  Similarly,  while  heavy  metals  are  inhibitory 
to  biological  treatment,  the  biomass  can  also  be  acclimated,  within  limits,  to 
tolerate  elevated  concentrations  of  metals. 

In  terms  of  the  variety  of  biological  treatment  processes  available. 

Table  4.25  presents  the  applications  and  limitations  of  each.  The  completely- 
mixed  activated  sludge  process  is  the  most  widely  used  for  treatment  of 
aqueous  wastes  with  relatively  high  organic  loads.  However,  the  high  purity 
oxygen  system  has  advantages  for  hazardous  waste  site  remediation. 

In  addition,  a  number  of  other  parameters  may  influence  the  performance 
of  the  biological  treatment  system,  such  as  concentration  of  suspended  solids, 
oil  and  grease,  organic  load  variations,  and  temperature.  Table  4.26  lists 
parameters  that  may  limit  system  performance,  limiting  concentrations,  and  the 
type  of  pretreatraent  steps  required  prior  to  biological  treatment. 

Design  of  the  activated  sludge  or  fixed-film  systems  for  a  particular 
application  can  be  achieved  best  by  first  representing  the  system  as  a  mathe¬ 
matical  model,  and  then  determining  the  necessary  coefficients  by  running 
laboratory  or  pilot  tests. 

The  following  models  have  been  found  to  be  reliable  for  designing  biolog¬ 
ical  treatment  systems  for  waste  streams  containing  priority  pollutants 
(Cantor  and  Knox  1985). 

Activated  sludge: 


Biological  tower  and  rotating  biological  contactor: 


Table  4.25 

Summary  of  Appllcatlons/Llmltatlons  for  Biological  Treatment  Processes 


Process 


Conventional 


Completely-mixed 

conventional 

Extended  aeration 


Contact  stabilization 


Pure  oxygen 


Trickling  filters 


Rotating  biological  disc 


licat  ions /I. imitations 


Applicable  to  low-strength  wastes;  subject  to 
shock  loads 

Resistant  to  shock  loads 


Requires  low  organic  load  and  long  detention 
times;  low  volume  of  sludge;  available  as 
package  plant 

Not  suitable  for  soluble  BOD 

Suitable  for  high-strength  wastes; 

low  sludge  volume; 

reduced  aeration  tank  volume 

More  effective  for  removal  of  colloidal  and 
suspended  BOD;  used  primarily  as  a  roughing 
filter 

Can  handle  large  flow  variations  and  high 
organic  shock  loads;  modular  construction 
provides  flexibility  to  meet  increased  or 
decreased  treatment  needs. 


V  =  volume  of  aeration  tank,  ft 
3 

F  =  flow  rate,  ft  /day 
X  =  mixed  liquor  volatile  solids,  mg/ £ 

S^  =  Influent  BOD,  COD,  TOC,  or  specific  organics,  mg/ £ 

S  =  effluent  BOD,  COD,  TOC,  or  specific  organics,  mg/ £ 

®  - 1 
U  and  K_  =  biokinetic  constants,  day 
max  B 

A  =  surface  area  of  biological  tower  or  rotating  biological 
2 

contactor,  ft"" 

The  biokinetic  constants  are  determined  by  conducting  laboratory  or  pilot 
plant  studies.  After  the  biokinetic  constants  are  determined,  the  required 
volume  of  aeration  tank  or  the  required  surface  area  lor  a  biological  tower  or 
rotating  biological  contactor  can  be  determined  for  any  biological  tower  or 


Table  4.26 

Concentration  of  Contaminants  that  Make  Pretreatment 


Pollutant  or  Limiting 

System  Condition  Concentration  Kind  of  Pretreatment 


Suspended  solids 

>50-125  mg/«. 
flotation)  lagoonlng 

Sedimentation 

Oil  or  grease 

>35-50  mg/£ 

Skimming  tank  or 
separator 

Toxic  Ions 

Precipitation  or  Ion 
exchange 

Pb 

^0. 1  mg/l 

Cu+Nl+CN 

<1  mg/ ^ 

Cr'‘’^+Zn 

^3  mg/il 

Cr 

^10  mg/ 1 

pH 

<6,  >9 

Neutralization 

Alkalinity 

0.5  lb  alkalinity 

Neutralization  for 

as  CaCO^/lb  BOD 
removed 

excessive  alkalinity 

Acidity 

Free  mineral  acidity 

Neutralization 

Organic  load  variation 

>2: 1-4:1 

Equalization 

Sulfides 

B 

o 

o 

A 

Precipitation  or  stripping 
with  recovery 

Phenols 

>70-300  mg/ 1 

Extraction,  adsorption, 
Internal  dilution 

Ammonia 

>1.6  g/l 

Dilution,  Ion  exchange, 
pH  adjustment  and  stripping 

Dissolved  salts 

>10-16  g/l 

Dilution,  Ion  exchange 

Temperature 

lO-OS’C  In  reactor 

Cooling,  steam  addition 

concentration  of  BOD,  COD,  TOC,  or  specific  organic,  and  a  required  effluent 
concentration  of  BOD,  COD,  TOC,  or  specific  organic. 

Biological  treatment  has  not  been  used  for  removal  of  contaminants  from 
liquid  waste  streams  at  dredged  material  disposal  sites.  However,  the  process 
is  well  established  for  treating  a  wide  variety  of  organic  contaminants. 
Klncannon  and  Stover  as  reported  by  Canter  and  Knox  (1985)  have  demonstrated 
the  effectiveness  of  activated  sludge  for  treating  priority  pollutants.  The 
results  shown  in  Table  4.27  indicate  that  activated  sludge  was  effective  for 
all  groups  of  contaminants  tested  except  for  halogenated  hydrocarbons. 

Although  biological  treatment  can  effectively  treat  a  wide  range  of 
organics,  it  has  several  drawbacks  for  disposal  site  applications.  The  reli¬ 
ability  of  the  process  can  be  adversely  affected  by  shock  loads  of  toxics. 
Start-up  time  can  be  slow  if  the  organisms  need  to  be  acclimated  to  the 
wastes,  and  the  detention  time  can  be  long  for  complex  wastes.  However,  the 
existence  of  cultures  which  have  been  previously  adapted  to  the  wastes  can 
dramatically  decrease  start-up  and  detention  time. 

There  are  a  number  of  contractors  who  have  used  biological  treatment  as 
part  of  a  mobile  treatment  system  for  cleanup  of  hazardous  waste  disposal 
sites.  The  high  purity  oxygen  treatment  process  is  well  suited  for  mobile 
treatment  applications  because  the  high  oxygen  efficiency  enables  use  of 
smaller  reactors,  shorter  detention  time,  and  reduced  power  consumptions  rela¬ 
tive  to  other  activated  sludge  processes.  A  hazard  associated  with  the  high 
purity  oxygen  process  is  that  the  presence  of  low  flash-point  compounds  can 
present  a  potential  fire  hazard.  However,  the  system  is  equipped  with  hydro¬ 
carbon  analyzers  and  control  systems  that  deactivate  the  system  when  danger¬ 
ously  high  concentrations  of  volatiles  are  detected  (I'.hassemi,  Yu,  and 
Qulnlivan  1981).  Loss  of  volatile  organics  from  other  biological  treatment 
processes  can  also  pose  some  localized  air  pollution  and  a  health  hazard  to 
field  personnel. 

Rotating  biological  contactors  also  have  advantages  lor  disposal  site 
operations.  The  units  are  compact;  they  can  handle  larj^e  flow  variations  and 
high  organic  shock  loads;  and  they  do  not  require  use  of  aeration  equipment. 

Sludge  produced  in  biological  waste  treatment  may  be  a  hazardous  waste 
due  to  the  sorption  and  concentration  of  toxic  and  hazardous  compounds  present 
in  the  wastewater.  If  the  sludge  is  hazardous,  it  must  be  disposed  in  an 


Table  4.27 


Removal 

Mechanisms  of  Toxic 

Organics* 

Compound 

Percent  Treatment 

Achieved 

Stripping 

Sorption 

Biological 

Nitrogen  compounds 

Acrylonitrile 

99.9 

Phenols 

Phenol 

99.9 

2,4-DNP 

99.3 

2,4-DCP 

95.2 

PCP 

0.58 

97.3 

Aromatics 

1,2-DCB 

21.7 

78.2 

1,3-DCB 

Nitrobenzene 

97.8 

Benzene 

2.0 

97.9 

Toluene 

5.1 

0.02 

94.9 

Ethylbenzene 

5.2 

0.19 

94.6 

Halogenated  hydrocarbons 

Methylene  chloride 

8.0 

91.7 

1 ,2-DCE 

99.5 

0.50 

1, 1, 1-TCE 

93.5 

1 ,2DCP 

99.9 

TCE 

65.1 

0.83 

33.8 

Chloroform 

19.0 

1.19 

78.8 

Carbon  tetrachloride 

33.0 

1.38 

64.9 

Oxygenated  compounds 

Acroleiln 

99.9 

Polynuclear  aromatics 

Phenanthene 

98.2 

Napthalene 

98.6 

Phthalates 

Bls(2-Ethylhexyl) 

76.9 

Other 

Ethyl  Acetate 

1.0 

98.8 

*  Source: 
updated . 


Canter  and  Knox  (1985),  as  cited  from  Kincannon  and  Stover, 
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approved  manner.  If  Che  sludge  is  not  hazardous,  disposal  should  conform  with 
State  sludge  disposal  guidelines. 

Costs  for  various  sizes  of  activated  sludge  units  are  presented  in 
Table  4.28.  The  costs  for  these  units  assumed  a  detention  time  of  3  hr  and 
use  of  carbon  steel  basins,  air  supply  equipment,  piping,  and  a  blower  build¬ 
ing.  Influent  and  recycle  pumps  were  not  Included.  The  basins  were  sized  for 
50-percent  sludge  recycle  flow.  The  Influent  biological  oxygen  demand  (BOD) 
was  assumed  to  be  no  greater  than  130  ppm,  and  the  effluent  BOD  was  assumed  to 
be  40  ppm.  The  operation  and  maintenance  costs  assumed  that  the  hydraulic 
head  loss  through  the  aeration  tank  was  negligible.  Sludge  wasting  and 
pumping  energy  were  not  included. 

Union  Carbide  manufactures  a  high  purity  oxygen  activated  sludge  system 
that  is  suitable  for  mobile  system  applications.  The  mobile  UNOX  systems  have 
hydraulic  capacity  of  5  to  40  gpm,  are  contained  within  40-ft  van  dimensions, 
and  Include  an  external  clarifier.  The  oxygen  required  is  also  supplied  by 
Union  Carbide.  The  customer  is  expected  to  provide  installation  labor,  oper¬ 
ating  manpower,  analytical  support,  and  utilities.  A  typical  installation 
requires  three  to  four  days  (Ghassemi  et  al.  1981). 

The  mobile  UNOX  system  can  be  either  rented  or  purchased  from  the  Union 
Carbide  Corporation.  The  estimated  rental  costs  are  as  follows: 

a.  $6,540  for  the  checkout  and  refurbishment  of  equipment  to  make  it 
operational. 

b.  $550/day  for  onsite  service  including  engineering  consultation  on 
program  planning  and  execution. 

c.  $9/day  rental  of  equipment. 

d.  Transportation  charges  to  get  the  equipment  from  the  manufacturer  to 
the  site  of  operation  and  back  again. 

The  purchase  price  for  the  UNOX  mobile  unit  is  between  $260,000  and 
$330,000  (Ghassemi  et  al.  1981,  updated  using  1984  third-quarter  Marshall 
Swift  Index) . 

Stripping.  Stripping  removes  volatile  contaminants  from  an  aqueous  waste 
stream  by  passing  air  or  steam  through  the  wastes.  With  air,  the  volatile 
gases  are  transferred  to  the  air  streams  for  discharge  to  the  atmosphere  or 
for  further  treatment  such  as  carbon  absorption  or  thermal  oxidation.  With 
steam,  the  process  is  a  steam  distillation  process  with  the  volatile  contami¬ 
nants  ending  up  in  the  distillate  for  treatment.  Typical  system 


Table  4.28 

General  Cost  Data  for  Various  Sizes  of  Activated  Sludee  Treatment  Units* 


70 

78,500 

4,300 

140 

85,600 

6,400 

350 

107,000 

10,000 

694 

160,000 

15,700 

*  Source:  Adapted  from  USEPA  (1980). 

**  Updated  from  1978  to  1984  dollars  using  third-quarter  Marshall  and  Swift 
Equipment  Index. 

configurations  are  shown  In  Fig.  4.27.  Because  of  economic  considerations, 
air  stripping  will  be  stressed  during  this  discussion. 

Air  stripping  Is  frequently  accomplished  In  a  packed  tower  equipped  with 
an  air  blower.  The  packed  tower  works  on  the  principle  of  countercurrent 
flow.  The  water  stream  flows  down  through  the  packing  while  the  air  flows 
upward  and  Is  exhausted  through  the  top.  Volatile,  soluble  components  have  an 
affinity  for  the  gas  phase  and  tend  to  leave  the  aqueous  stream  for  the  gas 
phase.  In  the  cross-flow  tower,  water  flows  down  through  the  packing  as  In 
the  countercurrent  packed  column;  however,  the  air  Is  pulled  across  the  water 
flow  path  by  a  fan.  The  coke  tray  aerator  Is  a  simple  low-maintenance  process 
requiring  no  blower.  The  water  being  treated  Is  allowed  to  trickle  through 
several  layers  of  trays.  This  produces  a  large  surface  area  for  gas  transfer. 
Diffused  aeration  stripping  and  Induced  draft  stripping  use  aeration  basins 
similar  to  standard  wastewater  treatment  aeration  basins.  Water  flows  through 
the  basin  from  top  to  bottom  or  from  one  side  to  another  with  the  air  dis¬ 
persed  through  diffusers  at  the  bottom  of  the  basin.  The  air-to-water  ratio 
Is  significantly  lower  than  in  either  the  packed  column  or  the  cross-flow 
tower  (Canter  and  Knox  1985) . 

Air  stripping  Is  used  to  remove  volatile  organics  from  aqueous  waste- 
streams.  Generally  components  with  Henry's  law  constants  greater  than  0.003 
can  be  effectively  removed  by  air  stripping  (Conway  and  Ross  1980).  This 
includes  such  components  as  1 , 1 , 1-trichloroethane ,  trichloroethylene, 
chlorobenzene,  vinyl  chloride,  and  dichloroethylene.  The  feed  stream  must  be 
low  In  suspended  solids  and  may  require  pH  adjustment  of  hydrogen  sulfide. 


phenol,  annnonia,  and  other  organic  acids  or  bases  to  reduce  solubility  and 
improve  transfer  to  the  gas  phase.  Stripping  is  often  only  partially  effec¬ 
tive  and  must  be  followed  by  another  process  such  as  biological  treatment  or 
carbon  absorption.  Combined  use  of  air  stripping  and  activated  carbon  can  be 
an  effective  way  of  removing  contaminants  from  groundwater.  The  air  stripper 
removes  the  more  volatile  compounds  not  removed  by  activated  carbon  and 
reduces  the  organic  load  on  the  carbon,  thus  reducing  the  frequency  (and 
expense)  of  carbon  regeneration. 


The  countercurrent  packed  tower  has  been  the  most  widely  used  equipment 
configuration  for  air  stripping.  The  reasons  for  this  are  (Canter  and  Knox 

1985) : 

a.  It  provides  the  most  liquid  Interfaclal  area. 

b.  High  alr-to  water  volume  ratios  are  possible  due  to  low  air  pressure 
drop  through  the  tower. 

c.  Emission  of  stripped  organics  to  the  atmosphere  may  be  environ¬ 
mentally  unacceptable;  however,  a  countercurrent  tower  Is  relatively 
small  and  can  be  readily  connected  to  vapor  recovery  equipment. 

The  major  disadvantage  of  the  packed  column  Is  the  high  energy  cost. 

The  design  of  a  packed  tower  air  stripper  generally  Involves  a  determina¬ 
tion  of  the  cross-sectional  area  of  the  column,  which  is  determined  from 
physical  properties  of  the  air  flowing  through  the  column,  the  characteristics 
of  the  packing  and  the  atr-to-water  flow  ratio. 

A  key  factor  Is  the  establishment  of  an  acceptable  air  velocity.  A  gen¬ 
eral  rule  of  thumb  used  for  establishing  the  air  velocity  is  that  an  accept¬ 
able  air  velocity  is  60  percent  of  the  air  velocity  at  flooding.  Flooding  is 
the  condition  in  which  the  air  velocity  is  so  high  that  It  holds  up  the  water 
in  the  column  to  the  point  where  the  water  becomes  the  continuous  phase  rather 
than  the  air.  If  the  alr-to-water  ratio  Is  held  constant,  the  air  velocity 
determines  the  flooding  condition.  For  a  selected  alr-to-water  ratio,  the 
cross-sectional  area  Is  determined  by  dividing  the  air  flow  rate  by  the  air 
velocity.  The  selection  of  the  design  alr-to-water  ratio  must  be  based  upon 
experience  or  pilot-scale  treatability  studies.  Treatability  studies  are  par¬ 
ticularly  Important  for  developing  design  information  for  contaminated  ground 
water  (Canter  and  Knox  1985). 

The  height  of  column  packing  may  be  determined  by  the  following  equation 
((Tinter  and  Knox,  1985): 


m 


Z  = 


(X^  -  Yj/H) 


(X|  -  Y|/H) 


(l-A)  -f  A 


K^a  C(l-A)  (l-X)  M 


where 


Z  =  height  of  packing,  ft 

I.  »  water  velocity,  Ib-mole/hr/f t 
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tfliaitUA 


^'1 

c 

H 


G 

A 

(l-X)M 


Influent  concentration  of  pollutant  in  ground  water,  mole 
fraction 

effluent  concentration  of  pollution  In  ground  water,  mole 
fraction 

mass  transfer  coefficient,  gal/hr 

3 

molar  density  of  water  =  3.47  Ib-mole/ft 

Henry's  law  constant,  mole  fraction  in  air  per  mole  fraction  in 
water 

air  velocity,  Ib-mole/hr/f t^ 

L/HG 

average  of  one  minus  the  equilibrium  water  concentration 
through  the  column 

Influent  concentration  of  pollutant  in  air,  mole  fraction 


In  most  cases,  the  following  assumptions  can  be  made: 


(1)  Yj^  •  0,  there  should  be  no  pollutants  in  the  influent  air. 

(2)  (l-X)M  »  I,  the  Influent  concentrations  should  be  too  small  when  con¬ 
verted  to  mole  fraction  to  shift  this  term  significantly  from  1.0. 


The  packing  column  height  can  then  be  determined  by  the  simplified  equation: 


X 

In 

(1-A)  +  A 

L  1  J 

L 

K^a  C  (1-A) 


The  mass  transfer  coefficient  K^a  is  determined  from  pilot-scale  treat- 
ability  studies  and  is  a  function  of  type  of  compound  being  removed,  air-to- 
water  ratio,  groundwater  temperature,  type  of  packing,  and  tower  geometry 
(Canter  and  Knox  1985). 

Calgon  Carbon  Corporation  maintains  a  computer  model  that  determines  the 
appropriate  tower  diameters,  packing  heights,  air/water  ratios,  and  tower 
packing  for  a  particular  application  (Calgon  Carbon  Corp.  1983).  This  model 
facilitates  rapid  mobilization  of  the  packed  tower  equipment  to  a  site. 
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Both  versions  of  stripping  are  capable  of  high  removal  efficiencies.  Air 
stripping  of  ammonia  from  wastewaters  has  exceeded  90  percent  for  influent 
ammonia  concentrations  of  less  than  100  ppm  (Arthur  D.  Little,  Inc.  1976),  and 
99+  percent  has  been  achieved  for  removal  of  trichloroethylene  from  ground 
water.  Steam  stripping  can  be  applied  to: 

a.  Volatile  organic  compounds  (phenol,  vinyl,  chloride,  etc.). 

b.  Water-immiscible  compounds  (chlorinated  hydrocarbons,  etc.). 

c.  Ammonia. 

d.  Hydrogen  sulfide. 

Removal  efficiencies  of  volatile  organic  compounds  from  wastewaters  ranging 
from  10  to  99  percent  have  been  reported  (USEPA  1980). 

In  recent  years,  air  stripping  has  gained  Increasing  use  for  the  effec¬ 
tive  removal  of  volatile  organics  from  aqueous  wastestreams .  It  has  been  used 
most  cost  effectively  for  treatment  of  low  concentrations  of  volatiles  or  as  a 
pretreatment  step  prior  to  activated  carbon.  Calgon  manufacturers  a  treatment 
system  that  combines  air  stripping  and  activated  carbon. 

The  equipment  for  air  stripping  is  relatively  simple;  start-up  and  shut¬ 
down  can  be  accomplished  quickly;  and  the  modular  design  of  packed  towers 
makes  air  stripping  well  suited  for  hazardous  waste  site  applications. 

An  important  factor  in  the  consideration  of  whether  to  utilize  air  strip¬ 
ping  technology  for  the  removal  of  volatile  contaminants  is  the  air  pollution 
implications  of  air  stripping.  The  gas  stream  generated  during  treatment  may 
require  collection  and  subsequent  treatment  or  incineration. 

Packed  tower  air  strippers  have  higher  removal  efficiencies  than  induced- 
draft  systems,  are  lower  in  capital  cost,  and  require  less  energy  to  operate 
than  a  packed-tower  system.  Table  4.29  describes  the  installed  cost  of  an 
Induced-draft  stripper  manufactured  and  marketed  by  the  Calgon  Carbon  Corpora¬ 
tion.  As  shown  in  Table  4.30,  the  installed  cost  of  an  induced-draft  strip¬ 
per,  capable  of  treating  700  gpm  and  removing  75  percent  of  the  TCE 
contamination,  is  about  31  percent  ($19,000  vs.  $61,300)  of  the  cost  of  a 
packed-tower  system,  which  also  uses  an  additional  $5,100  per  year  in 
electrical  energy  for  operation  of  the  blowsr. 

In  a  typical  treatment  system,  repuraplng  of  the  treated  water  would  be 
required.  Adding  the  cost  of  a  sump,  flow  control,  and  a  pump,  the  overall 
project  cost  for  the  induced-draft  system  would  be  about  one-half  the  cost  of 
the  packed-tower  system  (Calgon  Carbon  Corp.,  undated). 


Table  4.29 


Air  Stripping  Coat  Estimates  (Basis:  700  gpm; 
1000  micrograms/ liter  TCE)* 


Induced-Draf  t 

Packed-Tower 

Stripper 

5-ft  Diameter 

(75%  Removal)** 

(95%  Removal)! 

Air  Stripping  Equipment 

$15,000 

$42,300 

Stripper  Assembly  and  Installation 

4,000 

19,000 

Equipment  Sub-total 

$19,000 

$61,300 

Recharge  Pump;  Assembly  and  Controls 

$16,000 

$16,000 

Foundation/ Sump + 

18,000 

23,700 

Equipment  Freight 

2,000 

5,000 

Project  Management 

10,000 

20,000 

Project  Contingency 

7,000 

20,000 

Total 

$72,000 

$146,000 

*  Source:  O'Brien  and  Stenzel  (undated). 

**  Calgon  Model  No.  909B  (8'0"  x  9'1"  x  9'0"). 
t  Tower  is  made  of  fiberglass  reinforced  plastic  and  contains  15  ft  of  2-in. 
diameter  polypropylene  pall  ring  packing.  Cost  includes  tower,  packing, 
packing  support,  demister,  4,000  cfm  fan  with  10  hp  motor,  damper,  piping 
valves,  and  ductwork, 
f  Sump  5'  X  5'  X  8'  below  grade  concrete. 

Level  IV  Treatment 

Level  IV  treatment  processes  are  employed  in  those  cases  where  nutrient 
removal  is  required.  Nutrients  include  ammonia  nitrogen  and  phosphates. 
Removal  processes  include  both  biological  and  physical-chemical  processes. 
Common  processes  used  for  nutrient  removal  include  air  stripping,  ion 
exchange,  activated  sludge,  and  chemical  precipitation.  Each  of  these  has 
been  discussed  in  detail  in  previous  sections. 

Level  V 

There  are  a  number  of  processes  that  can  be  applied  to  the  treatment  of 
brackish  and  highly  saline  waters.  These  processes  include,  but  are  not 
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limited  to,  distillation  or  evaporation,  electrodialysis,  ion  exchange,  and 
reverse  osmosis.  In  the  case  of  nearshore  and  upland  treatment,  these  pro¬ 
cesses  would  only  be  used  to  achieve  the  highest  quality  of  water.  Because  of 
the  high  initial  investment  and  intensive  energy  and  operation  requirements, 
dissolved  solids  removal  is  rarely  used  except  in  production  of  potable 
drinking  water  or  high  quality  water  for  Industrial  operations.  There  have 
been  no  known  applications  of  dissolved  solids  removal  associated  with  any 
dredging  operation. 

Distillation.  Distillation  or  evaporation  of  saline  water  to  produce 
fresh  water  goes  back  to  antiquity.  In  distillation  or  evaporation  processes, 
pore  water  vapor  is  created  by  heating  saline  water.  The  vapor  is  separated 
from  the  saline  water  and  is  condensed  to  form  pure  water. 

There  are  three  principal  types  of  distillation  processes  currently  being 
used  on  new  construction: 

a.  Long-tube  vertical  (LTV). 

b.  Multistage  flash  (MSF) . 

c.  Vapor  compression  (VC). 

In  LTV  distillation,  the  water  to  be  vaporized  flows  by  gravity  down  the 
inside  of  a  long  vertical  tube,  while  steam  or  hot  vapor  supplies  heat  on  the 
outside . 

In  MSF  distillation,  the  water  is  heated  under  pressure  in  tubes  and  then 

allowed  to  expand  suddenly  or  flash  into  a  chamber.  As  some  of  the  water 

evaporates  or  flashes,  the  remaining  water  cools  slightly  and  then  flows  into 
another  chamber  at  lower  pressure  where  it  flashes  again.  The  flashed  vapor 
condenses  on  the  outside  of  the  tubes  in  each  chamber  through  which  cooler 
water  is  flowing  and  picking  up  heat.  The  condensed  pure  water  then  drips 
into  collecting  pans  and  is  pumped  to  service. 

In  VC  distillation,  pure  water  vapor,  which  has  been  evaporated  at  a  tube 

surface  or  in  a  flash  chamber,  is  mechanically  compressed  (usually  by  a  cen¬ 

trifugal  or  axial  flow  gas  compressor)  to  raise  its  temperature  and  pressure 
for  use  in  vaporizing  more  water.  VC  cycles  must  utilize  mechanical  or  elec¬ 
trical  energy  or  work  rather  than  heat  as  the  primary  energy  input  for 
distillation. 

These  distillation  processes  can  be  combined,  and  there  are  many  individ¬ 
ual  modifications,  depending  upon  the  amount,  type,  and  cost  of  available 
steam,  power,  water,  and  other  basic  factors. 


Distillation  can  result  in  99+  percent  removal  of  contaminants.  Distil¬ 
lation  plants  having  capacities  up  to  several  million  gallons  per  day  are  in 
operation  at  a  number  of  locations  throughout  the  world  and  have  proven  their 
reliability. 

Distillation  plants  require  substantial  amounts  of  thermal  energy  or 
electrical  power.  Accordingly,  the  cost  and  availability  of  energy  are 
important  factors  in  both  the  design  and  economic  feasibility  of  distillation 
plants. 

Close  attention  to  water  chemistry  is  essential  to  maintain  the  vital 
heat  transfer  surfaces  of  distillation  equipment  at  peak  efficiency.  The 
chemistry  and  biochemistry  of  seawater  vary  substantially  at  different  loca¬ 
tions,  and  expert  advice  should  be  sought  on  the  optimum  chemical  and  mechani¬ 
cal  treatments  and  operating  conditions  to  avoid  excessive  corrosion, 
hard-scale  formation,  or  marine  fouling. 

Electrodialysis.  Electrodialysis  (ED)  is  a  widely  used  process  for  the 
treatment  of  brackish  or  highly  mineralized  waters.  In  ED,  salts  and  minerals 
are  removed  from  a  stream  of  saline  water  through  special  plastic  membranes  by 
the  action  of  a  direct  electrical  current.  The  salts  and  minerals  pass 
through  the  membranes  in  the  form  of  positively  and  negatively  charged  ions. 
The  water  from  which  these  ions  have  been  removed  flows  between  the  membranes 
and  is  collected  as  a  partially  demineralized  product  via  manifolds  cut 
through  the  membranes.  The  salts  and  minerals  removed  from  the  product  stream 
pass  through  the  membranes  into  another  stream  of  water  that  continuously 
washes  the  other  side  of  each  membrane  and  emerges  through  manifolds  as  a  more 
concentrated  waste  stream.  ED  can  operate  at  low  pressures  (approximately 
50  psi) . 

ED  plants  having  capacities  up  to  about  1  million  gallons  per  day  are  in 
operation  at  a  number  of  locations  throughout  the  world  and  have  proven  their 
reliability  to  produce  fresh  water  for  utility  use.  Removal  of  inorganics  is 
very  high  (90+  percent) . 

ED  plants  require  clear  waters  free  from  iron,  manganese,  turbidity,  and 
organic  matter  for  optimum  operations.  Accordingly,  pretreatment  of  water  by 
conventional  means  is  always  required  prior  to  ED  plants  operating  on  surface 
water.  ED  plants  will  generally  require  from  10  to  30  percent  of  the  feed 
water  to  carry  off  the  concentrated  salts  and  minerals  removed. 


Reverse  Osmosis.  Osmosis  is  the  spontaneous  flow  of  solvent  (e.g., 
water)  from  a  dilute  solution  through  a  semlpermeable  membrane  (Impurities  or 
solute  permeates  at  a  much  slower  rate)  to  a  more  concentrated  solution. 
Reverse  osmosis  Is  the  application  of  sufficient  pressure  to  the  concentrated 
solution  to  overcome  the  osmotic  pressure  and  force  the  net  flow  of  water 
through  the  membrane  toward  the  dilute  phase.  This  allows  the  concentration 
of  solute  (impurities)  to  be  built  up  in  a  circulating  system  on  one  side  of 
the  membrane  while  relatively  pure  water  is  transported  through  the  membrane. 
Ions  and  small  molecules  In  true  solution  can  be  separated  from  water  by  this 
technique . 

The  basic  components  of  a  reverse  osmosis  unit  are  the  membrane,  a  mem¬ 
brane  support  structure,  a  containing  vessel,  and  a  high  pressure  pump.  The 
membrane  and  membrane  support  structure  are  the  most  critical  elements. 

Reverse  osmosis  (RO)  Is  used  to  reduce  the  concentrations  of  dissolved 
solids,  both  organic  and  Inorganic.  In  treatment  of  contaminated  streams,  use 
of  reverse  osmosis  would  be  primarily  limited  to  polishing  low-flow  streams 
containing  highly  toxic  contaminants.  In  general,  good  removal  can  be 
expected  for  high  molecular  weight  organics  and  charged  anions  and  cations. 
Multivalent  ions  are  treated  more  effectively  than  are  univalent  ions.  Recent 
advances  in  membrane  technology  have  made  it  possible  to  remove  such  low 
molecular  weight  organics  as  alcohols,  ketones,  amines,  and  aldehydes  (Gooding 
1985).  Table  4.30  shows  removal  results  obtained  during  testing  of  a  mobile 
RO  unit  using  two  favorable  membrane  materials  (Whittaker  1984). 

RO  units  are  subject  to  chemical  attack,  fouling,  and  plugging.  Pre¬ 
treatment  requirements  can  be  extensive.  Wastewater  must  be  pretreated  to 
remove  oxidizing  materials  such  as  iron  and  manganese  salts,  to  filter  out 
particulates,  to  adjust  pH  to  a  range  of  4.0  to  7.5,  and  to  remove  oil, 
grease,  and  other  film  forms  (De  Renzo  1978).  The  growth  of  slimy  biomass  on 
the  membrane  surface  or  the  presence  of  organic  macromolecules  may  also  foul 
the  membrane.  This  organic  fouling  can  be  minimized  by  prechlorination, 
addition  of  biocides,  and/or  pretreatment  with  activated  carbon  (Ghassemi 
et  al.  1981). 

The  most  critical  design  consideration  applicable  to  reverse  osmosis 
technology  is  the  design  of  the  semlpermeable  membrane.  lu  addition  to  allow¬ 
ing  the  achievement  of  the  required  degree  of  separation  at  an  economic  flux 
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*  Source:  Whittaker  (1984)  as  reported  in  USEPA  (1985). 

**  No  standard  available;  concentration  estimated, 

level  under  ideal  conditions,  the  membrane  must  be  incorporated  in  an  operat¬ 
ing  system  that  satisfies  these  practical  requirements  (Conway  and  Ross  1980): 

a.  Minimum  concentration  polarization,  i.e.,  ratio  of  impurity. 

b.  High  packing  density,  i.e.,  membrane  surface  area  per  unit  volume  of 
the  pressure  module. 

c.  Ability  to  handle  any  particulate  impurities  (by  proliferation,  if 
necessary) . 

d.  Adequate  support  for  the  membrane  and  other  physical  features  such  as 
effectiveness  of  seals,  ease  of  membrane  replacement,  and  ease  of 
cleaning. 

Membranes  are  usually  fabricated  in  flat  sheets  or  tubular  forms  and  are 
assembled  into  modules.  The  most  common  materials  used  are  cellulose  acetate 


and  other  polymers  such  as  polyamides  and  polyether-polysulphone .  There  are 
three  basic  module  designs:  tubular,  hollow  fiber,  and  spiral  wound.  These 
are  illustrated  in  Fig.  4.28.  Each  type  of  membrane  module  has  its  own 
advantages  and  limitations. 

The  tubular  module  provides  the  largest  flow  channel  and  allows  for 
turbulent  fluid  flow  regime;  thus,  it  is  least  susceptible  to  plugging  caused 
by  suspended  solids  and  has  the  highest  flux.  However,  because  of  its  small 
area/volume  ratio,  the  total  product  recovered  per  module  is  small.  The  cost 
of  a  tubular  module  is  approximately  five  times  that  for  the  other  modules  for 
an  equivalent  rate  of  water  recovery,  and  the  total  space  requirement  is  about 
three  to  five  times  that  for  the  spiral  wound  system  (Ghassemi  et  al.  1981). 

A  hollow-fiber  membrane  is  constructed  of  polyamide  polymers  and  cellu¬ 
lose  triacetate  by  Dupont  and  Dow,  respectively.  The  polyamide  membrane 
permits  a  wider  operating  pH  range  than  cellulose  acetate,  which  is  commonly 
used  for  the  construction  of  spiral  wound  and  tubular  membranes.  The  flow 
channel  and  the  flux  are  about  an  order  of  magnitude  lower  than  the  other 
configurations.  This  small  flux,  however,  is  compensated  for  by  the  large 
surface  area/volume  ratio,  with  the  total  product  water  per  module  being  close 
to  that  obtainable  with  spiral  wound  modules.  However,  because  of  the  small 
size  of  the  channels  (about  0.004  in.)  and  the  laminar  fluid  flow  regime 
within  the  channels,  this  module  is  susceptible  to  plugging  and  may  require 
extensive  pretreatment  to  protect  the  membrane  (Ghassemi  et  al.  1981). 

The  spiral-wound  module  consists  of  an  envelope  of  flat  sheet  membranes 
rolled  around  a  permeate  collector  tube.  This  configuration  provides  for  a 
higher  flux  and  greater  resistance  to  fouling  than  the  hollow  fiber  modules; 
it  is  also  less  expensive  and  occupies  less  space  than  a  tubular  module 
(Ghassemi  et  al.  1981). 

Reverse  osmosis  is  an  effective  treatment  technology  for  removal  of  dis¬ 
solved  solids  presuming  appropriate  pretreatment  has  been  performed  for  sus¬ 
pended  solids  removal,  pH  adjustments,  and  removal  of  oxidizers,  oil,  and 
grease.  Because  the  process  is  so  susceptible  to  fouling  and  plugging, 
on-line  monitors  may  be  required  to  monitor  pH,  suspended  solids,  etc.  on  a 
continuous  basis.  Reverse  osmosis  has  not  been  widely  used  for  treatment  of 
hazardous  wastes. 

Reverse  osmosis  will  not  reliably  treat  wastes  with  a  high  organic  con¬ 
tent,  as  the  membrane  may  dissolve  in  the  waste.  Lower  levels  of  organic 
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Figure  4,28.  Reverse  osmosis  membrane  designs 
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compounds  may  also  be  detrimenCal  to  the  unit's  reliability,  as  biological 
growth  may  form  on  a  membrane  fed  an  Influent  containing  biodegradable 
organics . 

The  fact  that  RO  units  can  be  operated  In  series  or  In  parallel  provides 
some  flexibility  in  dealing  with  Increased  flow  rates  or  concentration  of  dis¬ 
solved  species. 

Memtek  Corporation  of  Ontario,  Canada,  has  developed  a  mobile  reverse 
osmosis  unit  for  Environment  Canada.  The  unit,  which  is  capable  of  handling 
low  flows  of  about  10  gpm,  is  currently  being  tested  for  various  types  of 
spills  ^U'hlttaker  198‘^t). 

Ihe  volume  of  the  reject  generated  by  reverse  osmosis  is  about  10  to 
fb  percent  of  the  feed  volume.  Provisions  must  be  made  to  treat  this  poten¬ 
tially  hazardous  waste. 

Costs  for  various  sizes  of  reverse  osmosis  units  are  presented  in 
Table  4.11.  The  construction  costs  Include  housing,  tanks,  piping,  membranes. 


Table  4.31 

Ceneral  Cost  Data  for  Various  Sizes  of  Reverse  Osmosis  Units* 


f’lant  Capacity,  gpm 

Construction 

Costs,  $** 

O&M  Costs 
$/year** 

1.(4 

17,070 

7,580 

33,280 

12,070 

■() 

171,820 

40,829 

1 ,014,b00 

249,930 

*  Source:  Adapted  from  Hansen,  i>umerman,  and  Culp  (1979). 

’*  '  pdated  from  .^’4  to  14H4  dollars  using  third-quarter  Marshall  and  Swift 

I  nde  x . 

: low  meters,  cartridge  filters,  acid  and  polyphosphate  feed  equipment,  and 
t  leanup  equipment.  fhese  costs  were  based  on  Influent  total  dissolved  solids 
I  one en t r a t ions  of  less  than  10,000  ppm. 

;tie  operation  and  maintenance  costs  Include  electricity  for  the  high 
pressure  feed  pumps  (.  'i  psl  operating  pressure),  building  utilities,  routine 
perlodli  T-epair,  routine  (  leaning,  and  membrane  replacement  every  3  years. 

>  peratlir  and  ma  inteiuo  ce  costs  do  not  include  costs  for  pretreatment  chem¬ 
icals  d'le  t  '  extreme  us.ige  rate  variability  between  plants. 
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Level  VI  Treatment 


Level  V  treatment  processes  are  employed  In  those  cases  where  disinfec¬ 
tion  of  the  liquid  streams  is  required.  Disinfection  is  the  selective 
destruction  of  pathogenic  organisms  and  is  generally  considered  as  one  of  the 
most  important  processes  in  wastewater  treatment.  This  practice  used  in 
wastewater  treatment  has  resulted  in  the  virtual  disappearance  of  waterborne 
diseases.  Disinfection  may  be  accomplished  through  the  use  of  chemical 
agents,  physical  agents,  mechanical  means,  and  radiation.  The  most  commonly 
used  disinfectant  is  chlorine;  however,  other  halogens,  ozone,  and  ultraviolet 
radiation  have  been  used.  Only  disinfection  using  chlorine  gas  and  ozonation 
are  considered  in  this  report. 

Chlorination.  The  addition  of  chlorine  (chlorination)  is  by  far  the  most 
widely  used  method  of  wastewater  disinfection.  Only  recently  has  chlorine 
become  suspect  because  of  its  environmental  impact.  However,  engineers  have 
continued  to  design  and  specify  chlorination  systems  as  the  primary  means  nf 
wastewater  disinfection  because  of  technical  familiarity,  reliability,  and 
cost  considerations.  The  rate  of  disinfection  by  chlorine  depends  on  several 
factors,  including  chlorine  dosage,  contact  time,  presence  of  organic  matter, 
pH,  and  temperature.  The  recommended  chlorine  dosage  for  disinfection  is  that 
which  produces  a  chlorine  residual  of  0.5  to  1  mg/£  after  a  specified  contact 
time,  usually  15  minutes  at  peak  flows  and  30  minutes  at  average  flows. 

Typical  chlorine  dosages  recommended  for  disinfection  and  odor  control  are 
presented  in  Table  4.32. 

Chlorine  is  an  extremely  volatile,  toxic,  and  hazardous  material. 
Safety  in  handling  cannot  be  overemphasized.  Concentrations  of  chlorine  in 
the  air  above  15  ppm  by  volume  irritate  the  mucous  membranes,  the  respiratory 
system,  and  the  skin  (WPCF  1976).  Death  may  result  in  about  30  minutes  in 
concentrations  of  40  to  60  ppm.  The  VfPCF  (1976)  and  White  (1972)  provide  a 
detailed  discussion  of  chlorine  handling  safety  and  are  recommended  reading 
for  anyone  designing  a  liquid-gas  chlorination  system. 

In  recent  years,  the  environmental  effects  of  chlorination  have  been 
questioned.  Chlorine  has  major  environmental  Impact  on  the  receiving  stream. 
Chlorine  residuals  may  be  toxic  to  certain  aquatic  species  at  very  low  concen¬ 
trations.  Chlorinated  effluents  also  have  been  reported  to  form  halogenated 
organic  compounds  that  are  suspected  of  being  toxic  to  both  aquatic  life  and 
man.  Chlorination  results  in  the  formation  of  chloramines  when  ammonia  is 
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Table  4.32 

Typical  Chlorine  Dosages  for  Disinfection  and  Odor  Control 

Dosage 
mg/1 

6  to  25 

5  to  20 

2  to  6 

3  to  15 
2  to  8 
1  to  5 


*  There  Is  no  reported  experience  on  the  chlorination  of  effluent  from 
dredged  material  disposal  areas. 

present  in  the  water.  High  levels  of  chloramines  may  be  lethal  to  aquatic 
life.  The  reaction  between  chlorine  and  organics  found  in  the  site  waters 
could  produce  carcinogenic  compounds.  Because  of  these  concerns,  attention 
should  be  given  to  the  use  of  dechlorination  or  other  alternatives  for 
disinfection. 

Three  types  of  chlorine  disinfection  systems  are  available  for  appli¬ 
cation  at  disposal  areas:  liquid-gas  systems,  hypochlorlnation  s> stems,  and 
tablet  dissolution  systems. 

Liquid-gas  chlorination  systems  consist  of  two  subsystems,  the  chlorine- 
injection  subsystem  and  the  contact  tank.  The  major  components  of  a 
chlorine-injection  system  for  a  low-flow  installation  include  two  150-lb 
liquid  chlorine  cylinders,  two  cylinder  valves,  one  chlorinator,  an  ejector, 
vacuum  tubing,  and  pump  with  associated  electrical  service.  A  scale  for 
weighing  the  cylinders  and  climate-controlled  housing  are  also  required  for  a 
successful  installation.  White  (1972)  provides  a  detailed  discussion  of 
liquid-gas  chlorine  system  requirements.  Figure  4.29  illustrates  a  typical 
chlorine  gas  feeding  installation. 

The  physical  process  of  injecting  the  chlorine  is  rather  simple.  Chlo¬ 
rine  gas  is  extracted  from  the  cylinder  by  vacuum  whenever  the  pump  is  operat¬ 
ing.  The  flow  of  chlorine  is  metered  through  the  chlorinator,  mixed  into 
solution  at  the  ejector,  and  mixed  with  the  total  wasteflow  by  use  of  a 


_ Type  of  Water* _ 

Untreated  domestic  wastewater 
Primary  sedimentation 
Chemical  precipitation 
Trickling  lilter  plant 
Activated  sludge  plant 

Multimedia  filter  (following  activated  sludge  plant) 
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Figure  4.29.  Typical  chlorine  gas  feeding  system 

diffuser  at  the  Influent  end  of  the  chlorine  contact  tank.  Built-In  check 
valves  prevent  the  chlorine  gas  from  escaping  whenever  the  circulation  pump  is 
not  running. 

Chlorlnators  commonly  on  the  market  today  have  maximum  capacities  of  1, 

2,  3,  4,  10,  20,  50,  or  100  lb  of  chlorine  per  24-hr  period.  The  maximum  feed 
capacities  can  generally  be  valved  down  by  a  factor  of  20.  The  maximum  allow¬ 
able  gas  withdrawal  rate  from  a  150-lb  cylinder  is  40  Ib/day  (White  1972). 
Where  large  quantities  are  required,  a  chlorine  evaporator  or  cylinder  mani¬ 
fold  system  should  be  considered.  White  (1972)  recommends  the  use  of  1-ton 
cylinders  whenever  the  application  rate  is  expected  to  be  more  than  50  Ib/day. 

The  chlorine  application  capacity  required  for  a  disposal  site  is  a  func¬ 
tion  of  design  flow  and  expected  dosage  rate.  For  example,  the  dosage  for 
secondary  effluent  at  a  wastewater  treatment  facility  is  anticipated  to  range 
between  1  and  15  mg/i  (WPCF  1976).  Assuming  a  design  flow  rate  of 
20,000  gal/day,  the  dally  application  rate  would  range  between  0.17  and 


2.5  lb.  Selection  of  a  A-lb/day  chlorlnator  gives  an  adjustable  application 
range  between  0.2  and  4  lb /day. 

Chlorine  gas  feeding  systems  are  technically  feasible  for  disposal  sites 
and  can  achieve  required  disinfection  results.  There  are  many  manufacturers 
that  specialize  in  this  equipment  and  supply  parts  and  service.  The  equipment 
Is  reliable  and  not  overly  complex.  Automatic  switchover  devices  are  avail¬ 
able  to  ensure  continuous  chlorine  gas  feed.  Booster  pumps  and  ejectors  may 
be  submerged  or  dry  mounted.  System  housing  may  be  custom  designed,  although 
complete  prefabricated  Installations  are  available. 

The  most  difficult  aspect  of  chlorination  system  design  is  the  provision 
of  adequate  control  of  the  chlorine  application  rate.  The  ideal  control  sys¬ 
tem  incorporates  the  integration  of  a  flow  signal  from  a  flow  meter  and  a 
chlorine  residual  signal  from  a  chlorine  residual  analyzer  to  determine  the 
appropriate  application  rate.  Smaller  plants  are  designed  so  that  control  of 
chlorination  is  either  manual  or  semlautomated.  Three  control  techniques  are 
commonly  utilized  in  small  plants:  manual  control,  flow  control,  or  timer 
control. 

Manual  control  is  accomplished  by  using  a  constant  feed  rate,  regardless 
of  wastewater  flow  or  characteristics.  With  manual  control,  it  is  common 
practice  to  maintain  a  high  feed  rate  to  ensure  compliance  with  bacteriologi¬ 
cal  standards.  This  practice  usually  results  in  unacceptably  high  chlorine 
residuals,  which  is  in  conflict  with  present  concerns  regarding  the  toxic  and 
carcinogenic  characteristics  of  chlorinated  organics. 

Flow-control  systems  utilize  a  proportional  signal  from  a  flow  meter  to 
pace  the  rate  of  chlorine  application.  Although  chlorine  residual  is  not  mon¬ 
itored,  the  application  rate  is  maintained  proportional  to  flow. 

Timer  control  is  slightly  better  than  the  manual  method  but  has  many  of 
the  same  shortcomings. 

In  addition  to  the  control  of  the  chlorine  application  rate,  proper 
design  of  the  chlorine  contact  tank  is  very  important.  Rapid  mixing  of  the 
chlorine  and  design  of  the  chlorine  contact  chamber  is  required  to  provide 
effective  dispersion  of  the  chlorine  and  long  detention  times  with  limited 
short  circuiting.  A  minimum  contact  time  of  15  minutes  at  peak  hourly  flow  Is 
generally  required.  The  WPCF  (1976)  recommends  that  contact  chamber  length- 
to-wldth  ratios  si  uld  be  greater  than  40:1. 


Because  llquld-gas  chlorination  systems  require  specialized  housing 
facilities  and  safety  precautions,  hypochlorlnatlon  systems  may  be  a  more 
practical  disinfection  alternative.  Hypochlorlnatlon  refers  to  the  use  of 
solid  or  liquid  hypochlorite  compounds  as  the  disinfecting  agent.  Hypo¬ 
chlorites  are  available  as  calcium  hypochlorites  (70  percent  chlorine)  in 
powder  or  tablet  form  and  as  sodium  hypochlorite  (15  percent  chlorine  com¬ 
mercial  strength,  5  percent  domestic  strength)  In  liquid  form.  Sodium  hypo¬ 
chlorite  Is  preferred  over  calcium  hypochlorite  because  of  the  latter's  higher 
cost,  sludge  forming  characteristics,  and  hazardous  nature.  Five-percent 
sodium  hypochlorite  Is  the  most  commonly  used  and  Is  equivalent  to  ordinary 
household  bleach. 

Hypochlorlnatlon  systems  also  consist  of  two  subsystems,  the  hypochlorite 
feed  system  and  the  contact  tank.  The  major  components  of  the  hypochlorlna¬ 
tlon  system  Include  the  chlorine  solution  storage  tank,  hypochlorlnator 
(chemical  feed  pump),  chlorine  Injector,  chlorine  solution  diffuser,  and  asso¬ 
ciated  piping  and  control  systems.  Figure  4.30  Is  a  schematic  representation 
of  a  typical  hypochlorlnatlon  system.  Weather  protection  for  the  equipment  Is 
required;  however,  the  specialized  safety  equipment  required  for  llquid-gas 
systems  Is  somewhat  reduced. 

Sodium  hypochlorite  may  be  delivered  In  5  gal  or  larger  carboys  or  In 
tank  trucks  of  2,000-  to  5,000-gal  capacity.  Storage  vessels  may  be  con¬ 
structed  of  polyethene  or  hypochlorite-resistant  fiberglass  resin.  Because 
sodium  hypochlorite  deteriorates  with  time,  most  manufacturers  recommend  a 
maximum  shelf  life  of  60  to  90  days.  Storage  vessels  should  be  protected  from 
light  and  heat,  both  of  which  accelerate  the  deterioration  of  the  solution. 
Sodium  hypochlorite  is  strongly  alkaline  and,  therefore,  requires  care  in 
handling.  White  (1972)  and  WPCF  (1976)  provide  detailed  criteria  for  handling 
systems . 

Hypochlorlnatlon  Is  a  proven  and  reliable  disinfection  method.  Equipment 
is  simple  and  easier  to  operate  than  llquld-gas  systems.  Although  the  actual 
mechanisms  for  bacteria  and  virus  kill  are  not  known,  it  Is  postulated  that 
they  are  the  same  as  for  gas  or  liquid  chlorine.  Design  concepts  for  the 
solution-injection  system  and  contact  tank  are  Identical  to  those  developed 
for  llquld-gas  systems. 

Hypochlorlnatlon  disinfection  methods  produce  the  same  environmental 
Impacts  as  llquld-gas  systems.  Effluents  with  residual  chlorine  are  toxic  to 
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Figure  4,30.  Schematic  of  a  typical  hypochlorination  system 


aquatic  organisms  and  form  chlorinated  organic  compounds.  The  main  advantage 
in  using  hypochlorination  instead  of  a  liquid-gas  system  is  that  it  is  gener¬ 
ally  considered  to  be  much  safer.  Although  sodium  hypochlorite  is  a  hazardous 
and  corrosive  material,  it  is  not  under  pressure  and  not  as  violently  reactive 
as  liquified  elemental  chlorine. 

The  selection  of  a  hypochlorite  or  liquid-gas  system  is  primarily  a  func¬ 
tion  of  chlorine  requirements.  Larger  systems  generally  use  liquid-gas 
systems  or  generate  the  hypochlorite  onsite.  Smaller  systems  may  economically 
employ  either  liquid-gas  or  hypochlorite  systems.  Liquid-gas  systems  require 
a  larger  capital  investment;  however,  chemical  costs  are  reduced.  Hypochlo¬ 
rination  systems  are  less  capital  Intensive;  however,  chemical  costs  are 
higher. 

A  relatively  new  chlorination  concept  applicable  to  small  systems  is  the 
solid  tablet  chlorinator  system.  Calcium  hypochlorite  (70-percent  chlorine) 
formed  into  a  solid  tablet  is  usually  the  disinfecting  agent  used  in  these 


The  tablets  are  contained  in  feed  tubes,  and  as  the  wastewater  flows 


through  the  tubes,  chlorine  is  released  into  the  wastewater  by  the  dissolving 
action  of  the  water  in  contact  with  the  tablets. 

Chlorine  dosage  in  tablet-dissolution  systems  is  accomplished  by  select¬ 
ing  an  appropriate  number  of  feed  tubes  and  controlling  the  level  of  water 
flowing  over  the  tablets.  The  feed  tubes  are  vertical,  and  the  tablets  are 
stacked  to  drop  as  the  lower  tablets  dissolve.  An  adjustable  outlet  weir  con 
trols  the  level  of  water  in  contact  with  the  tablets.  As  the  incoming  water 
flow  rate  Increases,  the  weir  level  in  the  unit  rises,  immersing  a  greater 
number  of  tablets.  In  a  similar  fashion,  as  the  flow  decreases,  fewer  tablet 
are  in  contact  with  the  water. 

The  major  component  of  the  tablet-dissolution  system  is  the  feed  tube 
assembly  installed  in  a  housing  unit.  The  unit  can  be  Installed  in-line  just 
preceding  the  chlorine  contact  tank.  The  tablet-dissolution  system  has  no 
moving  parts  and  requires  no  electrical  supply.  A  chlorine  contact  tank  is 
required  and  is  designed  to  the  same  standards  as  used  in  liquid-gas  or 
hypochlorination  systems. 

The  requirement  to  provide  effective  disinfection  for  small  water  flows 
at  low  cost  has  resulted  in  an  increased  interest  in  the  use  of  tablet- 
dissolution  systems.  The  effectiveness  may  be  comparable  to  liquid-gas  or 
hypochlorination  systems,  relying  on  the  same  mechanisms  for  bacteria  and 
viral  kill.  Although  the  tablet-dissolution  systems  are  considered  to  be 
virtually  self  operating,  system  shortcomings  have  been  reported.  Field 
methods  are  normally  employed  to  determine  appropriate  system  operating 
parameters.  Incorrect  amounts  of  delivered  chlorine  may  be  due  to  selection 
of  the  Incorrect  number  of  feed  tubes,  poor  water-tablet  contact,  jamming 
tablets,  inconsistent  chlorine  content  in  the  tablets,  hydraulic  overload,  or 
clogged  weirs. 

The  environmental  impact  associated  with  tablet  dissolution  systems  is 
similar  to  liquid-gas  and  hypochlorination  systems.  Effluents  with  residual 
chlorine  are  toxic  to  aquatic  life  and  may  form  chlorinated  organic  compounds 
Materials  handling  procedures  associated  with  tablet  dissolution  systems  are 
much  simpler  chan  either  liquid-gas  or  hypochlorination  systems.  The  calcium 
hypochlorite  tablets  are  safe  to  handle,  store,  and  utilize.  Tablets  should 
be  handled  with  rubber  gloves  and  stored  in  a  cool,  dry  area. 

Ozonation.  In  ozonation,  contact  with  ozone,  a  powerful  oxidizing  agent 
breaks  down  many  refractory  organic  compounds  not  treatable  with  biological 


treatment  techniques.  Ozone,  produced  in  a  separate  generator,  is  Introduced 
to  a  contactor  where  it  mixes  with  the  wastes  and  reacts  with  oxidizable 
species  present. 

Ozone  dose  rate  is  usually  expressed  as  either  parts  per  million  ozone  or 
pounds  of  ozone  per  pound  of  stream  contaminants  treated.  Typical  dose  rates 
are  10  to  40  ppm  for  the  former  and  1.5  to  3.0  Ib/lb  of  contaminant  removed 
for  the  latter  (Arthur  D.  Little,  Inc.  1976).  Retention  time  ranges  from 
10  minutes  to  1  hr  in  several  stages. 

Typically,  the  very  high  ozone-to-water  ratios  are  encountered  in  potable 
water  facilities  where  the  Influent  contaminant  concentrations  are  in  the 
parts  per  billion  range  and  the  effluent  concentrations  are  nondetectable. 

Ozonation  is  applicable  only  to  dilute  wastes,  typically  containing  less 
than  1  percent  oxidizable  materials.  The  destructive  power  to  refractory  com¬ 
pounds  may  be  enhanced  by  combining  ozonation  with  ultraviolet  radiation 
(Prengle  et  al.  1975).  Ozonation  is  effective  with; 

a.  Chlorinated  hydrocarbons. 

b.  Alcohols. 

c.  Chlorinated  aromatics. 

d.  Pesticides. 

e.  Cyanides. 

Large  contactors  are  required  because  reaction  rates  are  mass  transfer 
limited;  ozone  has  only  limited  solubility  in  water.  Contactor  depth  is  typi¬ 
cally  on  the  order  of  5m  (16  ft)  to  ensure  adequate  mixing  and  reaction  time. 
Ultraviolet  lamps,  if  used,  are  operated  within  the  contactor  vessel. 

Ozone  is  corrosive,  requiring  special  construction  materials.  Suitable 
materials  include: 

a.  Stainless  steel. 

b.  Unplastlclzed  PVC. 

c.  Aluminum. 

d.  Teflon  (registered  trademark). 

e.  Chromium-plated  brass  or  bronze. 

Ozone  is  acutely  toxic;  personnel  safety  is  therefore  a  major  concern. 
Modern  systems  are  completely  automated.  An  ozone  monitor  measures  ozone 
levels  in  the  gaseous  effluent  and  reduces  the  ozonator  voltage  or  frequency 
if  gaseous  levels  exceed  a  pre-set  limit  (usually  0.05  ppm).  An  ambient  air 
monitor  sounds  an  alarm  and  shuts  off  the  ozonator  in  the  event  of  leaks  of 


ozonized  air.  An  off-gas  ozone  destruction  unit  is  also  generally  used  in 
modern  systems. 

Treatment  of  Residual  Solids 

The  final  contaminated  media  that  must  be  considered  are  the  residual 
materials  from  processes  used  to  treat  site  effluent,  runoff,  and  leachate. 
Most  of  the  liquid  treatment  processes  discussed  above  do  not  destroy  contami¬ 
nants,  they  simply  concentrate  them  by  removal  from  the  site  effluent,  runoff, 
or  leachate  water.  These  concentrated  contaminants,  often  contained  in  a 
process  sludge,  regenerant  fluid,  residual  solid,  or  reject  stream,  must  be 
disposed  of  in  an  appropriate  facility. 

Practical  concerns  are  expended  activated  carbon  and  any  sludges  from 
biological  treatment  or  chemical  precipitation  processes.  Other  processes 
producing  residual  materials  are  believed  to  have  little  practical  application 
at  dredged  material  disposal  sites.  In  addition,  the  production  of  residual 
materials  are  expected  to  be  minimal  except  during  active  disposal  operations. 

If  the  residual  materials  are  sufficiently  contaminated  to  be  classified 
as  dangerous  (DW)  or  extremely  hazardous  (EHW)  wastes,  they  must  be  handled 
and  disposed  in  accordance  with  state  and  Federal  regulations.  Offsite 
disposal  of  such  materials  is  the  preferred  option  since  permitting  require¬ 
ments  for  onsite  disposal  of  such  material  are  expected  to  be  extensive. 

Reuse  of  Contaminated  Dredge  Material 


Reuse  has  been  proposed  as  a  potential  alternative  for  long  term  manage 
ment  of  contaminated  dredged  material.  The  reuse  alternative  incorporates 
four  possible  scenarios: 

a.  Temporary  storage  of  lightly  contaminated  dredged  material  at  the 
primary  site  and  later  removal  to  another  site  for  long-term  disposal. 

b.  Dewatering  and  Immediate  transport  of  lightly  contaminated  dredged 
material  to  long-term  disposal  sites  or  some  beneficial  use. 

c.  Temporary  storage  of  moderately  or  highly  contaminated  materials 
followed  by  treatment  and  removal  to  a  long-term  disposal  site  or  other  bene 
ficlal  use. 


d.  Immediate  treatment  of  moderately  or  highly  contaminated  materials  at 
an  intermodal  transfer  point  followed  by  transport  to  an  appropriate  long-tenn 
disposal  site  or  some  beneficial  use. 

Reuse  of  contaminated  dredged  material  serves  at  least  two  beneficial 
functions;  continued  use  of  confined  sites  located  close  to  dredging  areas 
and  creation  of  a  potential  construction  material  resource.  The  concept  of  a 
reuse  alternative  may  also  incorporate  beneficial  uses  of  materials  such  as 
sand  and  gravel  reclaimed  by  classif ication/separation  processes.  Treatment 
and  materials  classification  processes  were  discussed  previously  in  Part  IV. 

The  development  and  evaluation  of  reuse  alternatives  is  extremely  site 
specific  and  will  depend  on  several  factors: 

a.  Physical  and  chemical  characteristics  of  the  material  to  be  dredged. 

b.  Availability  of  temporary  storage  and/or  treatment  sites. 

c.  Identification  of  long-term  disposal  sites  or  suitable  beneficial 

uses . 

Reuse  alternatives  can  be  developed  and  evaluated  within  the  overall  alterna¬ 
tive  selection  strategy  presented  in  Part  IX  of  this  report. 


PART  V:  CONTAMINANT  CONTROL  AND  TREATMENT 
FOR  NEARSHORE  SITES 


Background 

Nearshore  disposal  sites  are  confined  disposal  facilities  located  within 
the  areas  of  influence  of  normal  tidal  fluctuations.  Dredged  material  is 
added  to  the  diked  area  until  the  final  elevation  is  above  the  high  tide  ele¬ 
vation.  Nearshore  sites  are  normally  used  in  conjunction  with  hydraulic 
dredges  but  can  accommodate  dredged  material  from  mechanical  dredges  directly, 
bottom-dump  barges,  and  direct  disposal  from  trucks  or  railcars.  Sites  in 
Puget  Sound  most  frequently  Involve  diking  of  old  harbor  waterways  that  are  no 
longer  used.  Nearshore  excavation  is  possible,  but  normally  is  too  expensive 
for  consideration  (Phillips  et  al.  1985). 

Three  distinct  physicochemical  environments  exist  at  a  nearshore  site 
after  filling  (Lee  et  al.  1985): 

Upland  -dry  unsaturated  layer 

Intermediate — partially  or  Intermittently  saturated  layer 

Flooded — totally  saturated  layer 

When  material  is  initially  placed  in  the  site,  it  will  all  be  flooded  or  satu¬ 
rated.  After  the  site  is  filled,  the  dredged  material  above  high  tide  will 
become  upland,  the  bottom  will  be  saturated,  and  the  layer  in  between  will 
alternately  be  saturated  and  unsaturated  as  the  tide  ebbs  and  floods 
(Fig.  5.1).  It  is  the  movement  of  moisture  or  leachate/seepage  in  and  out  of 
this  Intermediate  layer  that  may  dictate  the  need  for  controls  and/or 
monitoring . 

Control  of  volatile  and  sediment-bound  contaminants  is  basically  the  same 
for  nearshore  as  for  upland  sites.  For  soluble  contaminants,  the  concerns  are 
similar,  but  fewer  opportunities  are  available  for  soluble  contaminant  control 
at  nearshore  sites.  In  the  short  term,  control  and  treatment  of  the 
cont ami  nan t - laden  effluent  from  either  hydraulic  or  mechanical  dredging  is 
possible.  Once  filled,  the  upper  layer  of  sediment  will  dewater  and  oxidize. 
The  bottom  sediment  layer  will  continue  to  be  saturated  as  a  result  of  precip¬ 
itation  and  marine  water  intrusion  and  will  remain  anaerobic.  Soluble 


Figure  5.1.  Nearshore  disposal 
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contaminants  may  be  released  from  the  Intermediate  layer  through  dllrusiir  and 
convection  through  the  dikes  of  the  disposal  area  as  a  result  ut  tU.ol  pumping 
and  seepage.  The  drained  upper  sediment  laver  may  Larry  soluble  contaminants 
released  as  a  result  of  the  changed  physicochemical  environment  Int  '  the 
lower  saturated  sediments.  As  the  upper  layer  of  material  becomes  more 
upland,  long-term  releases  of  contaminants  due  to  changes  In  the  physical  -•’nd 
chemical  equilibrium  are  similar  to  what  would  occur  In  a  completely  dewatereu 
upland  site  (Phillips  et  al.  n85).  Because  of  the  effects  d  tilal  flux  r 
site  water,  control  of  these  long-term  releases  Is  suhstant  ial  1  v  mire  d  1  f  r - 
cult  at  a  nearshore  than  at  an  upland  location.  One  alternatt.e  t  ‘  nre.e  ’ 
problems  caused  by  the  upland-type  layer  Is  to  use  cleaner  sediment  as  a  ap 
and  place  the  more  contaminated  sediment  in  the  flooded  layer  where  mist 
taminants  will  remain  attached  to  the  sediment  and  Immobllljed. 

In  many  areas  the  influence  of  tidal  fluctuations  through  the  dlxes  t 
the  liquid  elevation  within  the  site  is  minor,  and  tidal  pumping  •  tr,e  d'er 
mediate  dredged  material  layer  may  have  negligible  effects  on  i)ntaminai:t 
migration.  For  these  areas  contaminated  materials  may  be  placed  In  ar 
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uncontrolled  nearshore  site.  Acceptability  of  this  alternative  depends  on  the 
nature  of  the  contaminant  and  the  risk  associated  with  migration  of  the  con¬ 
taminants.  Hotchkiss  (1985)  reported  on  the  Pier  90/91  disposal  site  In  Puget 
Sound.  This  nearshore  disposal  site  was  approved  by  the  regulatory  agencies 
based  on  the  minimum  amount  of  contaminant  release  predicted.  However, 
approval  was  granted  on  the  premise  that  waters  around  the  site  will  he  mon¬ 
itored,  and,  If  the  environment  appears  threatened,  control  measures  will  be 
Implemented . 

This  part  of  the  report  will  review  additional  considerations  and  limita¬ 
tion  for  control  measures  at  nearshore  sites.  Detail  descriptions  and  design 
considerations  for  control  or  treatment  technologies  are  essentially  the  same 
for  nearshore  as  for  upland  sites  and  were  presented  In  Part  IV. 

Site  Control  Measures 

Site  control  measures  Include  surface  water  controls,  rovers,  liners, 
groundwater  controls,  leachate  collection  systems,  and  site  serurltv.  ‘^ijrla(e 
water  controls,  covers,  and  site  securltv  are  applicable  tc  nearshore  sites 
and  would  be  recommended  to  minimize  the  volume  of  leachate  passing  through 
the  dry  unsaturated  layer  and  to  avoid  receptor  contact  at  the  surface. 

Liners  are  more  difficult  to  construct  In  a  nearsfiore  situatl-n.  laving  M,e 
liner  helow  water  Is  not  standard  techno]  .,nd  special  <  r.st  rn;  t  !  ■  u  teih- 
nlques  wou  1 0  be  required  t  c.^  line  the  dikes  t w  1 1  ti*- 1  .ir.f'  'he  'ipp.sjfig  pres'  .re- 
of  liquid  wlthir.  the  site  and  tidal  effe't<-  x.tslde  ''le  flees. 
nolog'.  ha^  been  demo'strated  *  t  fie  ''ut<t'  ’  Ang  rew'  ef  i  .  .  •>>•  -  ru’" 

water  purr  r  -  ng  :  s  l  napp  r  opr  fate  f  ■  r  near  s',.  ■  r  e  -  J  '  e  s  .  •  >  t-  ■  ,,  .'.f.iw- 

marine  w '  e  r  wou  Id  negate  aii.  'er.e't'-^  •  gr  'iwater  ’■  ’• 

nece'-sar  '■  IsrJate  a  nears  note  ^  ^  -n  t:-„  *,  ■  • 

ht.ee  T  1  :  I  ;  g  ma  ■.  ’.e  'csidered. 

ea-'ate  .  .  t- '  '  '  '  ’  w  '  -  -.er:*-*.'. 
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elevation  above  the  Intemediate  layer  overlaid  with  a  layer  of  pervious  mate¬ 
rial  and  leachate  collection  system. 

Solids  Removal  Process 

The  same  solids  removal  processes  for  containment  area  effluent  during 
active  dredging  are  applicable  to  nearshore  sites  as  well  as  upland  sites. 

Site  Water  Treatment 

Treatment  of  site  water  (l.e..  supernatant,  leachate,  or  surface  runoff) 
riv  t  rad  1 1  1  ona  1  liquid  treatment  processes  could  be  used  at  nearshore  sites. 
Water  in  nearshore  sites  would  also  be  expected  to  have  higher  salinities  than 
upland  sites,  causing  difficulties  for  treatment  processes  designed  to  remove 
dissolved  Inorganics. 

Solids  and  Residuals  Treatment 

Technologies  tor  solids  and  residuals  treatment  at  nearshores  areas  are 
^asl<allv  the  same  as  for  upland  sites.  Stah 1 1 1 zat ion  of  solids  in  the 
fliii.ded  ami  i  n  t  e  rmed  1  a  t  e  laver*^  >>t  a  nearshore  site  Is  a  promising  opportunity 
'  '  o!,'r  at  a  nearsfiore  1 1  e  . 


PART  VI:  CONTAMINANT  CONTROL/TREATMENT  FOR  RESTRICTED  OPEN-WATER  DISPOSAL 


Background 

Restricted  open-water  disposal  as  used  here  simply  suggests  that  some  one 
or  more  controls  beyond  those  normally  applied  In  conventional  projects  are 
required  to  address  either  known  risks  or  uncertainties  associated  with  dis¬ 
posal  of  contaminated  sediments.  Controls  may  range  from  an  Intensive  long¬ 
term  monitoring  program  with  remedial  action  plan  to  a  fully  engineered  and 
constructed  aquatic  disposal  site.  Most  positive  control  measures  are  based 
on  the  concept  of  Isolating  the  contaminants  from  the  water  column  or  benthic 
environment.  Recently,  concepts  based  on  either  the  separation  of  contami¬ 
nants  from  the  dredged  material  slurry  or  chemically  stabilizing  the  contami¬ 
nants  In  the  dredged  material  have  also  been  proposed.  The  remainder  of  this 
section  provides  a  basic  overview  of  the  disposal  process  and  the  objectives 
of  control  measures.  Subsequent  sections  discuss  the  use  of  site  character¬ 
istics  as  a  control  available  as  part  of  the  basic  planning  of  an  open-water 
project  followed  by  descriptions  of  more  intensive  engineered  controls  and 
site  design  concepts. 

Description  of  the  Disposal  Process 

Dredged  material  may  be  transported  to  and  placed  at  a  disposal  site  in  a 
variety  of  conditions  and  by  a  number  of  techniques.  However,  for  practical 
purposes.  It  may  be  assumed  that  either  barges/scows,  hopper  dredges,  or  a 
continuous  pipeline  will  be  used.  The  following  Is  a  brief  overview  of  the 
physical  processes  that  take  place  during  disposal  and  the  Influence  of  dif¬ 
ferent  types  of  equipment  on  them. 

The  mechanics  of  placing  material  at  an  open  water  site  by  Instantaneous 
discharge  from  a  barge  or  hopper  have  been  described  and/or  modelled  bv  a  num¬ 
ber  of  Investigators  (Clark  et  al.  1971,  Koh  and  Chang  1973,  Cordon  1974, 
Brandsma  and  Dlvoky  1976,  Johnson  and  Holliday  1978,  Bokunlewlcz  et  al.  1978, 
and  others).  These  descriptions  typically  divide  the  behavior  of  the  material 
Into  3  or  4  distinct  transport  phases  or  stages  generally  paralleling  the 


physical  forces  or  processes  that  dominate  during  each  period.  The  most  com¬ 
mon  terminology  In  use  today  for  these  stages  Is  convective  descent,  dynamic 
collapse,  and  long-term  or  passive  diffusion.  Figure  6.1  Illustrates  these 
basic  stages. 

When  dredged  material  Is  released  from  the  barge  It  descends  through  the 
water  column  as  a  dense  fluld-llke  jet.  Within  this  well  defined  jet  there 
may  also  be  solid  blocks  or  clods  of  very  dense,  cohesive  material.  Sustar 
and  Wakeman  (1977),  and  Bokunlewlcz  and  Gordon  (1980)  describe  the  factors 
affecting  this  descent.  Both  conclude  that  the  proportion  of  material  that 
forms  into  clods  in  the  total  discharge  depends  primarily  on  the  mechanical 
properties  of  the  sediment  (especially  moisture  content  and  liquid  limit)  and 
how  those  properties  have  been  Influenced  during  the  dredging  operation.  Dur¬ 
ing  the  descent,  large  volumes  of  site  water  are  entrained  in  the  jet  and  as  a 
result  of  several  factors.  Including  turbulent  shear,  some  material  is  sepa¬ 
rated  from  the  jet  and  remains  In  the  upper  portion  of  the  water  column.  To 
complete  the  stages  of  the  disposal  process,  Che  descending  jet  and  Its  core 
of  cohesive  material  then  collapses,  usually  as  a  result  of  impact  on  the 


Figure  ^.1.  Bottom  dump-disposal  of  dredged  material 


bottom  or  (more  rarely  and  at  deeper  sites)  when  It  encounters  a  stratifica¬ 
tion  of  the  water  column  with  equal  ambient  density.  In  the  latter  period  of 
the  collapse,  that  portion  of  the  discharge  that  is  not  deposited  when  it 
Impacts  will  move  radially  outward  initially  as  a  density/momentum-driven 
surge  until  sufficient  energy  Is  dissipated  and  material  begins  to  rapidly 
settle  on  the  bottom.  At  this  time  diffusive  processes  dominate  and  any  mate¬ 
rial  remaining  from  the  surge  will  be  mixed,  diluted,  and  continue  to  settle, 
although  more  slowly. 


Objectives  of  Controls 


Restrictions  on  disposal  can  be  thought  of  as  directed  toward  either 
short-  or  long-term  processes.  Techniques,  equipment,  or  designs  to  control 
the  physical  behavior  of  the  dredged  material  during  descent.  Impact,  and 
surge  are  short-term  restrictions.  Objectives  would  focus  on  placing  the 
material  accurately  in  a  discrete  area  with  controlled  spreading  and  little 
turbidity  In  the  upper  water  column.  Long-term  objectives  principally  Involve 
stability  of  the  material  after  placement.  Fmphasls  should  be  on  controls  or 
restrictions  that  reduce  exposure  to  erosive  currents,  even  encourage  accre¬ 
tion  and  natural  armoring,  and  that  minimize  opportunities  tor  contaminant 
release.  Restrictions  can  also  be  thought  oi  In  the  context  of  potential 
Impact  areas,  especially  benthic  Impacts  versus  water  column  impacts.  The 
specification  of  combined  objectives  then  clarifies  the  Intent  of  a  restric¬ 
tion  and  allows  It  to  be  addressed  more  elfertlvelv.  lor  example,  the  use 
a  conduit  or  downpipe  principally  controls  the  short-terri  water  column  Impacts 
while  the  addition  of  capping  material  extends  the  restriction  on  water  .lumi 


impact  to  a  longer  term. 

Site  Characteristics  as  a  control  lec  S:  . 

A  level  ol  increased  control  or  r e -n t  r  1 1  t  1  on  c  ,0  .  1  ,  1  '  !  1 1  r  i  c,  !  1 

posal  simply  by  taking  adyantage  of  the  t-est  'eafures  •  r  u,  ite,  *  . 

sidering  natura'  mixing  processes,  and  i>',  usiccg 


equipment  to  their  best  potential. 
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site  Selection  and  Designation 


At  least  six  considerations  can  be  identified  that  are  laportant  In  eval¬ 
uating  the  engineering  acceptability  of  a  proposed  open  water  disposal  site 
CTrultt  1986): 

a.  Currents  (velocity  and  structure). 

b.  Average  water  depths. 

r.  Sallnlty/temperature  stratifications. 

d.  Bathymetry  (bottom  contours). 

e.  Dispersion  and  mixing. 

f.  Navigation  and  positioning  ( locat lon/dlstanre ,  surface  sea  state, 

etc . ) . 

As  suggested  above,  probably  the  most  important  (physical)  goal  In 
selecting  an  open-water  site  for  disposal  of  contaminated  dredged  material  Is 
long-term  stability  and  the  above  characteristics  do  not  tvplcallv  reinforce 
each  other  toward  that  goal.  Actually,  In  Puget  Sound,  many  of  these  factors 
are  In  less  ci'nfllct  than  In  other  areas  because  of  the  proximity  I'f  deei' 
wafer  to  the  dredging  sites  and  the  relatively  sheltered  conditions.  ‘'til!, 
site  selection  normally  lnv<'lves  <i  compromise  or  trade-ofl  among  the  lesliable 
rlterl.i  for  each  sire  (  haracter  1  st  1  <  .  The  Influentes  '•  r  )ie  more  Irportant 
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Impact  of  Che  descending  jet  of  material  with  Che  bottom  (by  a  calculable 
amount).  He  stated  that  even  strong  currents  observed  at  a  Great  Lakes  site 
(three  times  those  at  Elliott  Bay)  need  not  be  a  serious  Impediment  to  accu¬ 
rate  placement,  nor  do  they  result  In  significantly  greater  dispersion  during 
placement.  Further,  currents  do  not  appear  to  affect  the  surge  phase  of  the 
disposal.  Longer  term  effects  of  currents  at  the  site  may  still  need  to  be 
investigated,  and  little  Information  is  available  on  the  transport  of  sedi¬ 
ment  from  disposal  mounds.  For  sediment  generally  classified  as  cohesive,  the 
potential  erodlbllitv  is  far  more  dependent  on  the  condition  of  the  cohesive 
bonds  than  on  the  characteristics,  especially  size,  ot  the  individual  parti¬ 
cles.  In  addition,  even  when  the  cohesive  strength  has  been  reduced  ind  such 
sediment  is  resuspended,  the  hydrodvnamic  behavior  is  complicated  by  the 
effects  of  flocculation.  Biological  actlvltv  is  known  to  aggregate  grains  of 
sediment,  result  InK  in  a  degree  of  " se 1 f -armor  1 ng”  in  relatlvelv  short 
periods.  In  sediment  that  contains  a  mixture  <'l  some  sand-size  material  with 
the  fine  uralned,  winnowing  can  result  in  the  surface  laver  l\avlng  an  average 
grain  size  much  larger  and  less  llkelv  to  transport  than  the  underlying 
material . 

often,  a  -on s 1 de r a t 1  on  in  site  selection  is  an  arhitrarv  water  depth  deep 
enough  t  pla(e  the  dredge<i  material  below  the  actl  ui  oi  storm  winds  and  'or 
wave*-,  Vi’te  that  s  t  *  >  rtn  -  1  ndu<  e*i  movements  are  general  1\  on  1  v  i*!  interest  in 
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Aside  from  the  effect  depth  has  on  currents,  there  appears  to  be  little 
additional  short-term  influence  on  disposal.  Bokuniewicz  observed  the  same 
general  placement  processes  described  above  at  sites  with  water  depths  ranging 
from  approximately  50  to  220  ft.  The  very  cohesive  fraction  of  the  material 
(clods  or  clumps)  attain  their  terminal  speed  quickly  and  do  not  accelerate 
further  with  depth.  In  deeper  water  more  entrainment  occurs  In  the  descent 
phase,  and  there  Is  more  dilution  of  the  dredged  material  before  it  reaches 
the  bottom.  However,  there  Is  no  Increase  in  the  jet  Impact  speed,  nor  does 
the  bottom  surge  spread  at  a  faster  rate.  The  initial  thickness  of  the 
spreading  surge  above  the  bottom  has  been  shown  to  be  a  function  of  water 
depth.  Again,  the  total  water  depth  at  a  site  has  more  Impact  (usually  favor¬ 
able)  In  long-term  time  frames  than  on  actual  disposal  processes.  Operational 
problems  may,  however,  be  more  severe  at  deeper  sites  because  of  anchorage 
difficulty  and  the  resolution  of  monitoring  procedures. 

Density  Stratification  In  Water  Column 

A  sufficiently  great  density  gradient  in  sufficiently  deep  water  can 
result  in  arrest  of  the  descending  jet.  The  depth  at  which  this  occurs  can  be 
calculated.  Bokuniewicz  suggests  that  although  highly  ;  Lratified  conditions 
mav  be  encountered,  it  Is  most  unlikely  that  water  depths  would  be  great 
enough  at  most  sites  to  cause  collapse  In  the  upper  water  column.  Johanson, 
Sowen,  and  Henry  (1976),  reporting  on  work  discussed  by  Brooks  (1973),  present 
)  simple  empirical  equation  to  estimate  when  a  descending  jet  would  penetrate 
a  stratified  layer.  In  addition  to  the  relative  differences  in  density,  the 
depth  to  the  interface  (not  total  water  depth)  and  the  Initial  volume  of  the 
jet  are  the  important  terms.  Several  brief  examples  are  summarized  for  a  very 
severe  pvcnocllne  at  various  depths  and  Initial  volumes  of  released  material, 
'n  order  to  create  a  sltuatl  on  In  which  the  material  would  not  penetrate 
thri'iixh  the  pvcnor  1  I  ne ,  the  depth-to-lnterface  had  to  exceed  100  ft  and  the 
Mume  haii  to  he  less  th.in  .'5r  cu  vd . 
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If  the  bottom  In  a  disposal  area  Is  not  horizontal,  a  component  of  the 
gravity  force  will  Influence  the  energy  balance  of  the  bottom  surge.  It  is 
difficult  to  estimate  the  effects  of  slope  alone,  since  bottom  roughness  plays 
an  equally  important  role  In  mechanics  of  the  spreading  process.  Gordon 
(1974)  described  the  results  of  monitoring  barged  disposal  operations  at  a 
level  bottom  site  in  Long  Island  Sound  and  concluded  that  81  percent  of  the 
original  volume  of  sediment  released  was  deposited  within  a  radius  of  100  ft 
from  Impact  and  99  percent  was  deposited  within  a  radius  of  400  ft.  The 
Duwamish  capping  demonstration  project  monitored  a  disposal  Into  an  existing 
depression  approximately  150  by  300  ft.  Measurements  of  sediment  in  the  water 
column  at  a  distance  of  100  ft  from  the  center  of  Impact  showed  that  93  per¬ 
cent  of  the  original  mass  could  be  accounted  for  within  this  radius  and  con¬ 
firmed  the  positive  effect  of  using  existing  confining  features  at  disposal 
sites . 


In  summary,  the  characteristics  of  the  site  tend  to  be  more  important  in 
evaluating  the  long-term  fate  of  the  disposed  material.  The  short-term 
effects  are  more  Influenced  by  factors  such  as  the  mechanical  properties  of 
the  dredged  material  and  the  quantities/procedures  at  the  time  of  release. 


Dispersion  and  Mlxlnt 


The  discharge  of  dredged  material  at  an  open-water  disposal  site  can 
result  In  temporary  Increases  In  suspended  solids  levels  and  elevated  con¬ 
centrations  of  those  chemical  constituents  present  In  the  dredged  material  in 
a  form  available  for  release.  Water  quality  standards  or  criteria  were 
generally  developed  and  are  usually  expressed  as  the  concentration  of  a  solu- 
able  constituent  that  will  produce  an  undesirable  effect  if  maintained  for 
95  hours  or  longer  (Environmental  Effects  l.aboratorv  However,  a 

dredged  material  discharge  Is  usual Iv  rapidlv  diluted  following  disposal; 
therefore,  the  dissolved  constituent  concentrations  approximated  bv  predictive 
testing  such  as  the  elutriate  tests  should  also  be  reduced  Hv  some  dilution 
factor  to  simulate  as  best  as  possible  what  will  occur  In  the  field.  In 


addition,  the  expected  dilution  at  the  disposal  site  can  be  estimated  by  c.'^l- 
culatlon  of  a  mixing  zone  surrounding  the  release  zone. 

Applicable  federal  regulations  (USEPA  1980,  MacIntyre  1984)  define  the 
mixing  zone  of  a  discharge  as  a  limited  volume  of  water  serving  as  a  zone  of 
Initial  dilution  In  the  Immediate  vicinity  of  a  discharge-point  where  receiv¬ 
ing  water  quality  may  not  meet  quality  standards  or  other  requirements  other¬ 
wise  applicable  to  the  receiving  water.  An  interim  method  has  been  suggested 
to  provide  an  estimate  of  the  mixing  zone  size  at  an  open-water  site  (Environ¬ 
mental  Effects  Laboratory  1976).  This  approximate  method  uses  characteristic 
plume  shapes  and  estimates  of  dispersion  applicable  In  areas  not  Influenced  by 
boundaries.  Although  It  Is  unlikely  that  the  mixing  characteristics  at  a  pro¬ 
posed  site  would  be  the  principal  determining  factor  In  selection,  considera¬ 
tion  of  mixing  zones  can  be  used  to  optimize  site  location,  sizing,  or 
orientation.  For  example,  an  estimate  of  the  surface  area  Influenced  by  the 
mixing  from  a  proposed  discharge  could  suggest  the  most  appropriate  location 
within  the  site  boundaries  for  the  Initial  release  point. 


A  discussion  of  mixing  zone  is  also  presented  In  the  DMF  (Lee  et  al. 
1985,  Peddlcord  et  al.  1986). 


Navigation  and  Positionint 


Accurate  navigation  to  an  open-water  site  and  precise  positioning  during 
material  placement  are  obvious,  yet  frequently  undefined,  controls  that  can  be 
applied  to  the  disposal  operation.  The  type  of  navigational  and  positioning 
equipment  necessary  will  depend  on  the  general  location  of  the  site.  If  the 
site  is  near  enough  to  the  shore,  shore-based  1 ine-of-sight  instruments  can  be 
used.  At  greater  distances  options  Include  taut-moored  buoys,  various  acous¬ 
tical  positioning  devices,  and  computer-assisted  real-time  helmsman's  aids. 

For  point  dumping,  <i  minimum  of  a  taut-moored  buov  is  necessary.  In  all 
r.jses,  barges  f'r  scows  should  be  required  to  come  to  a  complete  halt  before 
release  (static  dump)  and  keep  station  to  an  accuracv  on  the  order  of  75  it 
during  release.  large  operations  irav  require  several  release  points  within 
the  site  with  sequeni  1  ng  over  a  number  of  hiiovs  or  even  anchored  mor^'lng 
points.  On-site  control  ot  the  operation  is  desirable  wiiere  possible.  The 
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specification  and  effect  of  navigational  controls  vary  greatly  by  project. 
Consider  for  example  a  designated  site  on  the  order  of  5  acres  in  area  and 
assumed  to  be  circular  in  shape.  The  hopper  dredge  ESSAYONS  has  an  overall 
length  that  would  span  from  one  side  of  the  site  to  the  other,  making  station- 
keeping  specifications  meaningless. 

Engineered  Control  Technologies 


V, 

m\ 

I 


Submerged  Discharge 


The  use  of  a  submerged  discharge  or  closed  conduit  of  some  type  to  place 
dredged  material  is  a  second  level  of  restriction  or  control  available.  In 
general,  a  conduit  is  used  primarily  to  ensure  more  accurate  placement  of  the 
material  and  to  reduce  the  exit  velocity  during  formation  of  the  surge  phase. 

A  conduit  extending  from  the  surface  to  the  bottom  will  Isolate  the  material 
from  the  water  column  during  descent,  reduce  entrainment,  and  negate  the 
effects  of  currents  or  stratifications.  But,  as  discussed  above,  these  fac¬ 
tors  have  been  shown  in  field  investigations  to  be  of  secondary  magnitude  and 
can  also  be  addressed  or  controlled  by  other  means.  The  use  of  a  conduit  is  a 
conservative  measure  that  should  be  used  to  overcome  placement  problems  or 
used  in  situations  where  the  moisture  content  of  the  material  Is  such  that  it 
would  tend  to  flow  on  impact  rather  than  mound. 


A  number  of  conduit  technologies  are  available  or  have  been  suggested  to 
place  the  dredged  material  through  the  water  column. 

Submerged  Diffuser.  A  submerged  diffuser  fFlg.  o..M,  origlnall-  do^UTied 
as  part  of  the  Corps'  DMRP,  has  been  successfully  field  tested  in  the  Nether¬ 
lands  at  Rotterdam  Harbor  and  as  part  of  an  equipment  demf'nst rat  1 o”  i  to  ect  at 
Calumet  Harbor,  IL.  The  diffuser  minlmlres  upper  watt r  column  impacts,  a:  d 
especially  Improves  placement  accuricv,  and  controls  sediment  spreading, 
reducing  benthic  impacts.  Bv  routing  the  slurrv  fhrotigh  a  .  oirNi,,,..)  rntr  i-c 
and  radially  divergent  diffuser  section,  the  dlscltarge  is  released  ;  a;  a  • 

the  bottom  and  at  a  lower  velocity.  The  lieslan  of  the  -.ei  t  ■  o-  ,  r 
to  suit  project  needs,  hut  a  typical  design  could  redm .  .'t;  e;  '  t 

factor  of  8  to  1  without  affecting  the  discfiarge  flovtate.  '  -e- 
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Hopper  Dredge  Pumpdown.  Some  hopper  dredges  have  pump-out  capability  by 
which  material  from  the  hoppers  can  be  discharged  like  a  conventional 
hvdraullc  pipeline  dredge.  In  addition,  some  have  further  modifications  that 
allow  pumps  to  be  reversed  so  that  material  can  be  pumped  down  through  the 
dredge's  extended  dragarms.  Because  of  the  expansion  at  the  draghead,  the 
result  Is  similar  to  use  of  a  diffuser  section. 

lateral  Confinement  at  the  Site 


^n  ini  teased  degree  of  positive  control  over  the  movement  of  the  material 
placed  at  a  site  can  he  achieved  by  using  lateral  barriers  to  confine  the  dis¬ 
posed  material.  Such  confinement  can  be  accomplished  by  using  depressions  or 
.  rt  Hit  irregularities  existing  at  a  site,  by  excavating  such  depressions,  or 
V  .  'nst  ruction  'f  subaqueous  dikes.  Lateral  confinement  addresses  the  short- 
terrr,  "'ent^  l-  impact  hv  ensuring  accurate  initial  placement  and  attenuation  of 
'  •  -p’eai'pc  dredged  material.  It  also  addresses  long-term  benthic  and  water 
:  mr  irra  ts  h\  pro'.  id  ing  an  inherent  degree  of  isolation  from  the  aquatic 
•  . it  nme-  t .  reducing  the  effects  of  convective  currents,  and  increasing  the 

eaxe  und  e r ' ei f 1 veness  >1  capping  when  used. 

A  phused  demonst rat  ion  proiect  has  been  started  in  New  York  Harbor 

•  .  p’.aoemerr  a.  hopper  dredge  of  IhO  loads  of  clean  sediment  to  create 
.  •  f  •  I ;  •  g  !'  the  open  end  of  an  existing  depression.  Comparative  bathy- 

r  t'e  result'-  or  this  first  phase  indicate  that  the  berm  construction 
es>-  ...  apv  or  the  conduit /dif foser  technologies  mentioned  above 
•  -  e  sfd  :  ■  onstruct  dikes  or  enhance  existing  bottom  features. 


;  :  g  :  '  -iTp’i  r ‘  e  rddttfi’n  of  a  laver  of  some  type  of  material  over 

•  •  I '  ■  :'edgeu  •.eclrent  at  the  disposal  site  to  effect  isolation  from  the 
■  •  me  '  ’se  1  >-.,;-term  impacts  associated  with  soluble  diffusion,  convec- 

•  ■■  -  r',  O'  s  1 , -r  u  r ‘'a  t  i  on  are  reduced  when  a  capping  control  measure  is 

♦  •  s ;  .  .  '.'rhilltv  of  the  disposal  mass  over  time  is  also  increased  bv 

lihort-term  instabllitv  mav  be  a  concern  if  capping  material 

•  :  :  •  '  f  ra;  i  ilv  over  weak  underlying  dredged  material. 

h.  1  1 


Capping  Materials.  There  has  been  a  significant  amount  of  research 
devoted  to  cover  materials  for  burial  of  hazardous  spills  in  lakes  iji.d  Wdttr- 
ways.  This  research,  summarized  by  Hand  et  al,  (1978),  also  applies  to  cap¬ 
ping  contaminated  dredged  material.  Materials,  both  naturally  occurring  and 
manmade,  that  can  be  used  to  cover  contaminated  dredged  material  are  divided 
into  three  categories:  Inert,  chemically  active,  and  sealing  agents.  Of 
these,  only  inert  materials  are  likely  to  be  successfully  used  in  Puget  Sound. 

Inert  materials  include  coarse-  and  fine-grained  soils.  Research  is 
being  performed  at  the  WES  to  determine  covering  depths  required  to  inhibit 
bloturbation  of  contaminated  material  and  to  retard  leaching  of  contaminants 
into  the  water  column.  When  soil  Is  used  as  capping  material,  the  cap  should 
he  thick  enough  to  protect  the  underlying  deposit  from  disturbances  caused  by 
storm-generated  waves  and  by  propeller  wash  from  navigation  traffic  and  to 
bury  the  contaminated  sediments  out  of  the  reach  of  benthic  organisms.  The 
nature  of  the  capping  material  wl’l  influence  the  depth  and  character  of  bur¬ 
rowing.  Myers  (1979)  reported  that  a  sand  cap  will  attract  suspension-feeding 
organisms  that  should  not  be  expected  to  be  deep  burrowers  while  deep  burrow¬ 
ing  deposit  feeders  will  colonize  a  fine-grained  cap.  Therefore,  identifica¬ 
tion  of  site-specific  biological  populations  (such  as  the  deep-burrowing 
geoduck  clam)  is  Important  in  designing  the  cap  thickness.  Bokunleweiz  (1981) 
reported  that  for  disposal  sites  in  relatively  protected  nearshore  waters,  a 
I  up  thickness  of  less  than  a  metre  should  be  sufficient,  but  site-specific 
-rudies  should  be  done  to  evaluate  biological  populations  and  erosion 
■.•■tent  1  a  1  . 

ipplng  with  chemically  active  materials  involves  the  placement  of  a 
■  :  i!  •.  ompoimd  over  the  contaminated  dredged  material  that  would  react  with 

'imin.uits  to  neutralize  or  otherwise  decrease  toxicity.  This  strategy 
•r  -  ‘r^'m  the  use  of  inert  materials  in  that  each  contaminated  dredged 
1  ' '  he  'iealt  with  on  a  case-by-case  basis.  Carbon  compounds  are  a 

■  .r-  !e  of  rhemlcally  active  ingredients  that  can  be  added  to  a  cap. 

•;  dredged  material,  the  active  material  should  be  combined 
i’izer  to  provide  stability  to  the  cap.  Another  approac’' 
r  f  h*'  active  covering  layer  with  an  erosion-resistant  inert 
•  -r'  !  i.er  would  also  provide  protection  for  the  benthic 


6.12 


ij r u«ri  1  .  »'ii  I  ;  «•  f  'if  ‘  fi«-  r  r  ■  'i  v*-  f  V  ■  n  .  .  :  '  '  ■  t  ■ 

i  If,  '  'if  r  Hal  :  ,  >  Nf  ■  ‘.fir '  a  .  ^  •  f  '  » 

s<  )in«  'I  r  (tari  1  ,  A  ibi,)iTfaTfra''.rrti-.i,  •  '•  'f'.  •  .i,'-. 

■  heail  ta...  a'flJf  ■affrla.b. 

Sea  .  1  r.y  axen  t  b  i  i.'  .  i^df  »  r  m',  '  ,  ■  f  nie f  -  ,  :  ■  ;  •  .  .  aif  •  ’  • 
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using  grouting  lompounds.  Also,  groijtlng  Is  olter.  u^fi;  :i  '‘e  re 

industry  for  stafililzation  of  oll-pr(.idiiiiiig  faii^ltle^.  ''f  tfiLf,i  ;.^.  •  , 

using  grout  in  the  saltwater  env  1  runme  iit  Is  v  f  1  de'Afl  ;fd.  af'.'  if  "uid  'f 
adapted  for  use  1  r,  capping  <  rjnt  ami  na  t  e  d  dredged  mater:,!,.  -lowf.er,  there  .ire 
some  disadvantages  associated  with  the  use  of  gr^  iji  ;  log  dredged  ii,.ite 

rial.  The  thin  laver  of  grout  placed  over  the  (.(jntaml  i,,if  ed  ma  f  e  r  1  a  ,  i  aniiot  e 
considered  as  a  permanent  cap  material.  It  should  fe  tised  with  -i  'overlrig  f 
Inert  material  to  provide  additional  stability  and  hat  Mat  lor  hentlilc  organ¬ 
isms.  There  could  also  be  problems  with  the  grout  traiklng  as  the  contami¬ 
nated  dredged  material  consolidates  with  time. 

Polymer  film  systems  have  been  the  subject  of  a  report  bv  Wldman  and 
Epstein  (1972).  They  proposed  barge-mounted  deployment  svstems  for  either  hot 
or  cold  application  of  polymer  film  overlays.  The  application  systems 
Included  those  for  placing  coagulable  polymers,  hot-melt  materials,  and  pre¬ 
formed  commercially  available  films.  The  application  system  for  the  preformed 
overlay  limited  Its  application  to  water  depths  of  25  to  30  ft.  Roe  et  al. 
(1970)  reported  on  a  chemical  overlay  system  which  Included  2,000-sq  ft  per 
hour  coverage  and  availability  for  water  depths  up  to  120  ft.  Concepts  for 
the  use  of  polymer  film  overlays  for  cover  of  contaminated  dredged  material 
were  developed  from  early  erosion-control  efforts  related  to  marine  salvage 
work.  None  of  the  concepts  have  been  field  tested  for  dredged  material.  The 
major  limitation  to  these  concepts  involves  the  design,  construction,  and  cost 
of  capital  equipment  required  to  place  them. 
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I  i  ji.;,  .  '  .  'be  lev'ee  •.(  .  ap  material  cohes  1  venesb .  Tlierefore,  the  pre- 

dl  tl":  ■  et'  potential  of  a  lappliiK  material  should  be  made  on  the  basis 

‘  life  ^pe  i;i,  ,iat,j.  '"he  Inert  matetl.iis  used  for  capping  can  be  cla.sslfled 
.i>-  .onesive  <  t  none  ofie  b ! '.  «■ .  lor  given  erosive  forces,  movement  of  noncoheslve 
p.irtl'  ,e  feperidb  on  sf.ape  ,  size,  .jud  density  of  discrete  particles  jnd  on  the 
rel.it  I'.e  position  ol  the  particle  with  respect  to  surrounding  particles.  As 
firev  1  oils  1 V  discussed,  the  movement  of  cohesive  partlcle.s  depends  on  those 
f.ictitrs  cited  above  for  noncoheslve  particles  as  well  as  on  the  strength  of 
the  o'riesive  bond  between  particles.  Cohesive  capping  material  excavated  by 
mechanical  dredges  will  be  more  resistant  to  erosion  than  those  excavated  by 
I  hydraulic  dredges  although  more  difficult  to  place, 

A  resulting  problem  with  underwater  capping  is  the  potential  for  dis¬ 
placement  of  the  contaminated  mass  by  capping.  Depending  upon  substrate 
'  firmness  and  density  of  the  contaminated  mass,  the  cap  material  may  displace 

and  redistribute  the  contaminated  material,  especially  if  the  capping  material 
is  of  a  higher  density  or  coarser  size  than  the  contaminated  material.  Deter¬ 
mination  of  the  potential  for  mass  failure  and  dispersion  would  require  test¬ 
ing  with  materials  physically  similar  to  those  which  will  be  placed 
underwater . 
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Phillips  et  al.  (1985)  using  the  technologies  discussed  previously 
described  five  conceptual  designs  for  restricted  open-water  disposal  sites: 
deep-water  mound,  deep-water  confined,  shallow-water  mound,  shallow-water  con¬ 
fined,  and  waterway  confined.  The  general  features  of  each  concept  are 
described  below. 


Deep-Water  Mound 

Deep-water  mounding  Is  the  most  simple  design  evaluated  (Fig.  6.3).  Deep 
water  is  any  depth  below  the  influence  of  storm  waves,  which  will  vary  between 
sites.  Theoretically,  depths  are  unlimited,  although  in  fact  the  ability  to 
accurately  place  contaminated  and  capping  materials  establishes  practical 
limits.  Most  deep-water  sites  would  be  between  60  and  500  ft  deep.  Dredged 
material  is  transported  to  the  Identified  disposal  site  and  placed  on  the  bot¬ 
tom  by  bottom  dump  or  vertical  pipeline  diffuser.  No  attempt  Is  made  to  line 
the  bottom;  that  Is,  separate  the  contaminated  dredged  material  from  the 
existing  substrate  or  to  confine  the  spread.  However,  the  contaminated  sedi¬ 
ment  should  be  concentrated  as  much  as  possible  In  one  location,  and  partial 
containment  may  be  possible  by  use  of  natural  depressions.  Once  the  contam¬ 
inated  material  is  placed,  it  is  capped  with  clean  coarse  material  placed  by 
any  of  the  methods  previously  described.  Since  the  deep-water  site  was 
presumably  selected  for  its  low-energy  environment,  a  relatively  thin  cap 
(3  ft)  should  be  sufficient  depending  on  the  type  of  material  used.  As  the 
contaminated  material  is  mounded  without  confinement  on  the  bottom,  the  major 
construction  problem  is  to  ensure  that  sufficient  capping  material  Is  properly 
placed  to  completely  cover  the  mounds  to  sufficient  depth  (properly  designed 
for  the  hydrodynamic  regime  and  bloturbatlon  potential).  So  long  as  the  cap 
remains  In  place,  the  major  pathways  of  concern  for  contaminant  loss  are  sol¬ 
uble  diffusion  and  convection  over  time.  Due  to  water  depth,  movement  of 
ground  water  is  expected  to  be  substantially  absent  and  contaminant  movement 
through  the  ground  consequently  reduced. 
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Figure  6.3.  Concept  for  deep-water  disposal  mounds 


Deep-Wate  Confined 


This  design  differs  from  deep-water  mounding  In  that  materials  are  placed 
in  a  natural  or  manmade  depression  In  the  sea  floor  to  aid  confinement 
(Fig.  6. <4).  Use  of  a  vertical  pipe  allows  construction  of  underwater  diking 
to  encircle  the  site  or  work  In  combination  with  existing  natural  features 
(e.g.,  rock  outcrop).  This  design  Is  more  expensive  than  deep-water  mounding 
due  to  site  preparation,  but  may  be  easier  to  cap  and  the  contaminated  sedi¬ 
ments  are  more  Isolated  from  the  aquatic  environment.  Just  as  with  the  deep¬ 
water  mound,  the  stable  low-energy  environment  allows  for  a  relatively  thin 
cap.  Pathways  for  contaminants  to  escape  are  essentially  the  same  as  for  the 


deep-water  mound. 


Shallow  Water  Mound 


The  considerations  for  design  and  construction  of  shallow-water  mounds 
are  essentially  the  same  as  those  of  the  deep-water  mound.  Conceptually,  the 


shallow-water  mound  should  be  easier  to  construct  becau'.f  nl  the  lesser  depth 
Involved.  Phillips  et  al.  (1985)  discounted  the  shallow-water  mound  as  a 
reliable  disposal  alternative  because  of  the  hl^^h-enerKV  environments  charac¬ 
teristic  of  such  sites.  A  thicker  cap  or  armouring  could  be  used  to  mlnlml/e 
these  problems,  however,  the  energy  characteristics  of  potential  disposal 
areas  should  be  evaluated  on  a  site  specific  basis. 


Shallow-Water  Confined 

Shallow-water  areas  are  those  within  the  Influence  of  storm  waves  but 
below  Intertidal  elevations.  Hence,  final  elevation  of  the  cap  would  be 
within  the  -10  ft  MLLW  to  -60  ft  MLI-W  range.  As  with  deep-water  confined 
disposal,  this  design  (Fig.  6.5)  includes  manmade  containment  structures  or 
excavation,  wholely  or  in  combination  with  existing  natural  features,  to  hold 
the  contaminated  sediment.  Because  of  higher  energies  found  in  shallow-water 
areas,  a  thicker  cap  is  necessary  (e.g.,  6  ft  rather  than  3  ft)  for  this 
design.  In  addition,  burial  of  the  cap  beneath  a  buffering  layer  of  clean 
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similar  ti  f  tu’  sn  r  roiiful  l  hk  nav  be  appropriate  In  -.wine 

Inst. lines  t  I  prntei-l  t  be  Intent  itv  nt  the  i  av>  t  foin  eroBlon  arul  b  1  or  nrbat  1  on 
aiib  li  mitigate  esthetli  atui  reaonrce  impacta.  Patbwava  fOr  escape  ot  con- 
t  .i:iM  n.inr  s  are  increased  over  deep-water  de»lK'<a  bv  tidal  or  current  induced 
lon'.fi  t  ion  oj  soluble  fr.ictions.  Hiotur  bat  Ion  and  leachinx  Into  the  underlv- 
ln>;  •iil’struta  are  of  more  concern  In  the  sh.i  1  I ow-water  environment  than  In 
<!ic[i  water.  (iround  water  Infiltration  I  rom  adjacent  uplands  may  also  be  of 
concern.  The  Increased  cost  ot  site  preparation  may  be  partlallv  or  com¬ 
pletely  offset  bv  savings  In  transportation  cost  to  a  deep-water  site. 

Waterway  (lonfined 


Although  this  design  (Fig.  6.6)  is  very  similar  to  the  option  of  burial 
of  sediment  In  shallow-water  areas,  it  differs  in  one  very  Important  respect. 
The  shallow-water  confined  design  can  apply  to  many  different  geographic  loca¬ 
tions:  open  water,  aquatic  shelves  near  an  urban  shoreline,  or  relatively 
pristine  environments.  In  these  environments,  agitation  by  currents,  tides, 
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and  Sturms  are  factors  that  must  be  countered  hv  the  site  design  (l.e.,  ,i 
thicker  cap,  a  buffer  over  the  cap,  frequent  cap  maintenance').  In  the  water¬ 
way  design,  a  confined  pit  Is  excavated  deep  within  and  into  the  bottom  of  an 
existing  waterway.  Preferably,  the  disposal  site  should  be  located  In  an  area 
that  will  not  be  dredged.  Otherwise,  the  disposal  pit  must  be  of  sufficient 
depth  to  be  well  below  anticipated  dredging  depths.  Kscape  pathways  are  vir¬ 
tually  Identical  to  shallow-water  confined  disposal,  though  reduced  In  Inten¬ 
sity  to  levels  similar  to  the  deep-water  designs. 

Dredged  Material  Treatment  and  Open  Water  Disposal 

Restricted  open  water  disposal  is  necessitated  by  the  presence  of  contam¬ 
inants  associated  with  the  sediment.  On  a  mass  basis,  these  contaminants  are 
a  very  small  fraction  of  the  total  amount  of  dredged  material.  Recently,  con¬ 
cepts  based  on  the  treatment  of  the  dredged  material  followed  by  either  unre¬ 
stricted  open  water  disposal  or  open  water  disposal  with  less  stringent 
restrictions  than  would  be  applied  to  the  untreated  dredged  material  have  been 


6.19 


pruposad.  Thasa  concapta  ganarally  fall  into  thraa  catagorlas:  separation  of 
the  cuntaainants  from  the  dredge  material,  lenobll Izatlon  of  the  contaminants 
In  the  dredged  utcrlal.  or  contaminant  destruction. 

Contaminant  Separation 

Separation  of  contaminants  from  the  dredged  material  is  a  method  of 
reducing  Che  amount  of  material  that  must  be  placed  In  restricted  disposal 
sites.  Typically,  contaminant  separation  schemas  result  in  a  large  volume  of 
relatively  uncontaminated  dredged  material  and  a  smaller  volume  of  highly  con¬ 
taminated  material.  Ideally,  the  large  volume  of  relatively  uncontaminated 
material  Is  suitable  for  unconfined  open  water  disposal.  The  smaller  volume 
ul  highly  contaminated  material  Is  subjected  to  further  treatment  or 
restricted  disposal.  Both  physical  and  chemical  separation  technologies  have 
been  proposed. 

Physical  Separation.  It  Is  usually  presumed  that  most  contaminants  are 
closely  bound  to  the  finer  material  found  In  sediments.  As  a  result,  separa¬ 
tion  of  the  classification  of  the  sediment  into  fine  and  course  fractions 
should  result  In  a  relatively  uncontaminated  course  material  and  a  more  con¬ 
taminated  fine  material.  Physical  separation  and  classification  equipment 
have  been  described  in  Part  IV. 

Sediment  classification  schemes  have  been  demonstrated  on  the  laboratory 
and  pilot  scale  (Tlederman  and  Relschman  1973,  van  der  Burgt  1985)  using 
hydrocyclones.  However,  this  concept  has  not  been  used  on  a  field  scale  proj¬ 
ect.  Neither  the  technical  or  the  economic  feasibility  of  this  concept  have 
been  evaluated  in  detail.  Technical  feasibility  will  depend  on  the  grain  size 
distribution  of  the  sediment  and  thus  is  highly  project  specific.  Designs  for 
floating  or  shore  based  equipment  required  to  fully  Implement  this  concept 
have  not  been  developed  and  such  equipment  is  not  known  to  be  available. 

The  cost  of  sediment  classification  schemes,  implemented  on  the  field 
scale  has  not  been  evaluated.  The  cost  of  the  floating  and  shore  based  equip¬ 
ment  is  expected  to  be  substantial;  however,  these  costs  will  be  mitigated  by 
the  anticipated  reduction  in  disposal  costs.  The  operation  and  maintenance 
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cost  of  this  concept  Is  expected  to  substantially  Increase  the  ( <>st  ut  t  tie 
dredging  operation.  Since  the  required  equipment  Is  highly  dependent  on  pr><  ’ 
ect  specific  requirements,  It  Is  not  possible  to  provide  quantitative  cost 
data  for  concept  Implementation. 

Sediment  classification  is  recommended  as  a  potential  demonstration  pro: 
ect  In  Part  VIII  of  this  report.  Such  a  project  could  provide  meaningful 
Information  on  technical  effectiveness  and  economic  viability  of  the  concept. 

Contaminant  Extraction.  A  conct.  '  similar  to  contaminant  separation  Is 
contaminant  extraction.  This  concept,  as  applied  to  contaminated  soils.  Is 
the  subject  of  much  ongoing  research  (EPA  198S).  Various  solvents  are  being 
tested  as  extractants.  A  brief  review  of  the  current  status  of  this  tech¬ 
nology  is  contained  In  Part  IV.  Application  of  this  concept  to  dredged  mate¬ 
rial  may  have  potential;  however,  use  on  a  large  scale  Is  many  years  in  the 
future.  To  date,  no  research  has  been  performed  on  the  extraction  of  con¬ 
taminants  from  dredged  material  slurries.  Equipment  requirements  and  cost 
have  not  been  evaluated;  however,  both  are  expected  to  be  substantial. 

Contaminant  Immobilization 

Contaminant  Immobilization  technologies,  as  applied  to  contaminated 
soils,  have  been  Investigated  (EPA  1985)  and  are  reviewed  briefly  in  Part  IV. 
In  general,  these  methods  have  not  been  applied  to  the  Immobilization  of  con¬ 
taminants  In  dredge  material  slurries  or  solids.  Chemical  solidification/ 
stabilization  (S/S)  of  dredged  material  solids  has  been  Investigated  on  a 
laboratory  scale  and  found  to  be  technically  feasible.  S/S  of  dredged  mate¬ 
rial  slurries  and  solids  have  not  been  attempted  on  field  scale  projects. 
Concepts  that  couple  S/S  technology  with  near  shore  and  upland  disposal  are 
presented  In  Part  VIII  as  potential  demonstration  projects. 

Contaminant  Immobilization  coupled  with  unrestricted  open  water  disposal 
has  not  been  attempted.  Most  Immobilization  technologies  are  based  on  the 
premise  that  the  stabilized  material  will  be  placed  In  a  dry  or  substantially 
dry  environment.  Disposal  In  an  open  water  environment  has  not  been  inves¬ 
tigated.  This  concept  may  have  merit;  however,  a  substantial  research  and 


devclopacnt  invcitacnt  will  b«  required  to  daftonstrate  the  technical  effec¬ 
tiveness  of  the  concept. 

The  floatlnf(  and  onshore  equipment  requirements  end  costs  for  this  con¬ 
cept  have  not  heen  developed.  Both  are  expected  to  be  substantial.  The 
primary  drawback  to  this  technology  are  the  large  quantities  of  material  that 
must  be  handled. 

Contaminant  Destruction 

Contaminant  destruction  followed  by  unrestricted  open  water  or  conven¬ 
tional  upland  or  near  shore  disposal  of  Che  residue  Is  sometimes  proposed  as 
an  appropriate  method  of  contaminated  dredged  material  disposal.  These  pro¬ 
posals  are  usually  based  on  incineration  technologies  for  contaminant  destruc¬ 
tion.  Unfortunately,  Incineration  has  been  shown  to  be  extremely  costly  and 
economically  Infeasible  for  the  vast  majority  of  dredging  projects.  There  may 
be  special  cases  where  this  concept  is  applicable,  l.e.  small  volumes  of  sedi¬ 
ments  with  high  concentrations  of  organics.  Incineration  technology  Is  dis¬ 
cussed  In  Part  IV. 


Summary 


Although  treatment  of  the  contaminated  dredged  material  followed  by 
unrestricted  open  water  disposal  Is  an  attractive  concept,  there  have  been  no 
field  scale  demonstrations.  Floating  and  shore  based  equipment  Is  not  readily 
available  and  the  cost  Is  uncertain.  Part  VIII  discusses  the  possibility  of 
projects  to  demonstrate  some  of  the  technologies  required  to  implement  this 
concept . 
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Chemical 

An  initial  step  in  any  dredging  project  is  an  inventorv  ol  the  bulk  sedi¬ 
ment  for  contaminants  expected  to  be  present  in  the  area.  Character iz ing  the 
sediment  can  be  a  difficult  task  involving  the  following  decisions  (.Plumb 
1981)  : 

Selection  of  sampling  locations. 

Selection  of  sampling  equipment. 

Number  of  samples  to  collect. 

-  Type  of  tests  to  be  performed  on  the  samples. 

Specific  chemical  analyses  to  be  performed. 

Guidance  for  making  these  decisions  for  dredging  projects  is  provided  in  "Pro¬ 
cedures  for  Handling  and  Chemical  Analysis  of  Sediment  and  Water  Samples" 
(Plumb  1981). 

Bulk  analysis  provides  an  estimate  of  the  total  concentration  of  a  con¬ 
stituent  in  the  sediment  sample.  The  analytical  result  will  combine  the  con¬ 
tent  of  the  various  sediment  phases  (interstitial  water  phase,  exchangeable 
phase,  residual  phase,  etc.).  From  this  value  for  a  particular  constituent, 
an  estimate  can  be  made  of  the  total  mass  of  a  contaminant  that  will  be  han¬ 
dled  by  the  dredging  project.  Bulk  analysis  is  generally  the  easiest  way  to 
determine  what,  if  any,  contaminants  that  may  require  control  or  treatment  are 
present.  Bulk  analysis  will  not  predict  migration  potential,  mobility,  or 
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the  chemical  analyses  .'I  samples  t t um  the  test  protocols.  Not  all  ot  these 
will  be  identltled  as  t ontaminant s  ol  real  concern  In  anv  specitic  sediment. 
All  ol  the  detection  limits  listed  in  Table  7.1  are  tor  procedures  ; ounu  in 
Appendix  B.  These  detectitm  limit.s  are  based  on  relatively  cleati  suii.ples  with 
lew  interferences.  Most  of  the  detection  limits  for  metals  may  be  achieved 
using  an  Atomic  Absorption  Spectrometer  equipped  with  a  heated  graphite  fur¬ 
nace  or  an  inductively  coupled  plasma  emission  spectrometer.  Detection  limits 
tor  mercury  are  obtained  using  a  cold  vapor  technique  with  the  atomic  absorp¬ 
tion  spectrometer.  The  detection  limits  tor  the  organics  (except  pesticides 
and  PCBs)  are  for  GC/.MS  procedures  using  one  litre  of  water  or  50  g  of  solid 
material.  The  lower  detection  limits  cited  for  pesticides  and  PCBs  are  based 
on  GC  procedures.  Although  all  of  these  procedures  have  been  in  use  for  a 
number  of  years  at  laboratories  analyzing  environmental  samples,  most  require 
analysts  who  are  experienced  in  the  methodology  and  who  are  acquainted  w.lth 
the  interferences  that  can  alter  results.  Lower  levels  of  detection  can  be 
obtained  through  concentrating  samples  by  a  factor  of  ten.  Further  lowering 
of  detection  levels  will  require  more  sophistication  in  facilities  and  expe¬ 
rienced  analysts  that  will  not  be  available  at  routine  environmental  testing 
laboratories  and  will  be  extremely  laborious  and  expensive.  For  example,  to 


Table  7.1 

Detection  Limits  for  a  Contaminants  of  Potential 


Concern  in  Pucet  Sound  Bay* 


Sediment 

P 

Contaminants 

ni, 

Animal 


Water 


METALS 

Ag 

As 

Be 

Cd 

Cr 

Cu 

Hg 

Ni 

Pb 

Sb 

Se 

T1 

Zn 

Volatiles 

Benzene** 

Bromoform 

Carbon  tetrachloride 
Chloroform 
Chloroethane+ 
Chlorodibromome thane 
Dichlorc  methane 
Dichlorobromome thane 
Ethylbenzene** 

Formaldehyde+ 

Tetrachloroe thane** 

1.1. 1- Trichloroethylene 
Toluene 

1 . 1- Dichloroethane 

1 . 1- Dichloroethylene+ 

1 . 2- trans-Dichloroethy lene+ 
Xylene** 

BASE/NEUTRALS  (except  PCBs) 
Haloginated  Compounds 
Hexachloroe thane 

1 , 2-Dichlorobenzene 


0.050 


_ (_C  o  n  1 1  n  u  c  d 

*  Priority  pollutants  and  other  signiti^.i.  t 
ment  Bay  sediments,  waters,  or  point  .  :t. 
**  Reported  in  waters  but  not  in  sed 
+  Reported  only  in  point  sources. 

-H-  NA  -  Not  applicable. 
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Tabic  7.1  (Continued) 


Sediment  Plant 

_ Contaminants _  mg/kg  mg/kg 

BASE/NEUTRALS 

Haloglnated  Compounds 
(Continued) 

1.3- Dichlorobenzene  0.2  0.2 

1 .4- Dlchlorobenzene  0.2  0.2 


1,2, 4-Tr Ichlorobenzene 
2-ChloronaphChalene 
Hexachlorobenzene 
Hexachlorobutadlene 
Mlsc.  chlorinated 
butadienes** 

Bi8(2-chloroethyoxy)  ether 
Bis(2-chloroethyoxy)  methane 


Animal  Water 

mg/kg  pg/£ 


0.2  10 

0.2  10 


Low  MW  Aromatics 

Azobenzene  0.2  0.2  0.2  10 

Naphthalene 

2-methylnaphthalene** 

1-methylnaphthalene** 

2,6-dimethylnaphthalene** 

1 .3- dlfflethylnaphthalene** 

2 . 3- dlmethylnaphthalene** 

2,3, t -t r Imethy Inaphthalene** 

2,3, 5-trlmethylnaphthalene** 

Acenaphthene 

Acenaphthalene 

Fluorene 

Biphenyl** 

Anthracene / phenanthrene 

1- methylphenanthrene** 

2- methylphenanthrene** 


High  MW  Aromatics 


Fluoranthene 

0.2 

0.2 

0.2 

10 

Pyrene 

1 -me t hy Ipy r ene * * 

Benzo (a) anthracene 

Chrysene /triphenylene 

Dlbenzo (a, h) anthracene 

0.5 

0.5 

0.5 

25 

Benzofluoranthenes 

0.2 

0.2 

0.2 

10 

Benzo (e) pyrene** 

0.2 

0.2 

0.2 

10 

Benzo (a) pyrene 

0.2 

0.2 

0.2 

10 

Indeno (1,2, 3-cd) pyrene 

0.5 

0.5 

0.5 

25 

Benzo (g , h , 1) pery lene 

0.5 

0.5 

0.5 

25 

Phthalate  Esters 

Dlethylphthalate 

0.2 

0.2 

0.2 

10 

(Continued) 


**  Reported  In  waters  but  not  In  sediments  (to  date). 


Table  7.1  (Concluded) 


Sediment 

Plant 

Animal 

Water 

Contaminants 

mg/kg 

mg/kg 

mg/kg 

Ug/^ 

BASE/NEUTSALS 

Phthalate  Esters  (Continued) 

Bis (2-ethy Ihexy 1) phthalate 

0.2 

0.2 

0.2 

10 

Butylbenzylphthalate 

Dl-n-butylphthalate 

Dl-me-phthalate 

Dl-n-octylphthalate 

0.2 

0.2 

0.2 

10 

ACID  EXTRACTABLES 

Cresol** 

Phenol 

2-chlorophenol 

2 , 4~dlchlorophenol+ 

2,4, 6-trichlorophenol 
Pentachlorophenol 
P-chloro-m-cresol 
4-nitrophenol 

0.5 

0.5 

0.5 

25 

PESTICIDES  AND  PCBs 

A-chlordane 

1 

0.001 

0.001 

0.001 

Aldrln 

0.2 

0.0002 

0.0002 

0.010 

a>Hexachlorocyclohexane  (HCH)++ 

6-HCH 

Y-HCH  (lindane) 

4-4 '-DDD 

4-4 ' -DDE 

4-4 ’-DDT 

PCB-1242 

2 

0.002 

0.002 

0.01 

PCB-1248 

2 

0.002 

0.002 

0.01 

PCB-1254 

2 

0.002 

0.002 

0.01 

PCB-1260 

4 

0.004 

0.004 

0.02 

MISCELLANEOUS  SUBSTANCES 

Manganese  (Mn)+ 

0.1 

0.1 

0.1 

0.001 

Molybdenum  (Mo)+ 

0.1 

0.0001 

0.0001 

0.001 

A-endosulfan+ 

0.2 

0.0002 

0.0002 

0.004 

Cyanlde+ 

1 

1.0 

1.0 

1 

Nltrosodlphenylamine 

0.2 

0.2 

0.2 

0.010 

**  Reported  only  in  point  sources. 

+  Reported  in  waters  but  not 

in  sediments 

(to  date) . 

++  Hexachlorocyclohexanc  (HCH) 

is 

sometimes 

referred  to 

elsewhere  as 

BHC 

(benzene  hexachlorlde) ,  but 

this 

is  a  misnomer  and  is 

not  used  here 

• 

lower  detection  limits  for  certain  organic  compounds  may  require  10  I  of  test 
solution  concentrated  down  to  I  ml  prior  to  analysis. 

EPA  Standards  and  criteria  for  toxic  or  hazardous  contaminants  are  pre¬ 
sented  In  Appendix  C.  These  criteria  are  not  applicable  to  bulk  sediment 
analyses,  but  are  presented  primarily  to  Identify  the  priority  contaminants 
that  may  be  considered  for  analysis.  The  potential  for  environmental  or  human 
exposure  depends  on  the  amount  of  contaminant  present,  volatility,  mobility  In 
soil,  solubility  in  water,  and  transformation  potential.  WES  is  developing 
testing  protocols  specifically  designed  to  define  the  mobility  of  contaminants 
from  dredged  material.  These  protocols  will  be  described  later  In  this 
chapter. 

Physical  Analyses 

Physical  analyses  of  sediment  are  required  to  characterize  dredged  mate¬ 
rial  behavior.  Including  contaminant  mobility,  and  to  determine  the  require¬ 
ment  for  control  measures  for  the  site,  such  as  dikes,  covers,  surface  water 
controls,  and  leachate  collection  systems. 

Characterization  of  dredged  material  Involves  soil  tests  listed  In 
Table  7.2  with  the  addition  of  several  tests  specifically  selected  to  predict 
the  behavior  of  dredged  material  and  Its  associated  contaminants.  Figure  7.1 
Is  a  flow  chart  showing  the  testing  program  recommended  by  WES  for  determining 
the  physical  properties  of  sediment  and  dredged  material  samples.  The  tests 
identified  in  Fig.  7.1  are  briefly  discussed  in  the  following  paragraphs. 

Visual  Classification.  Visual  classification  of  sediment  samples  by  an 
experienced  professional  is  helpful  in  classifying  the  type  of  sediment  and  in 
planning  subsequent  soil  tests.  It  Is  a  recommended  first  step  in  a  testing 


program. 

Gradation.  Gradation  or  grain  size  analyses  should  be  performed  on 
coarse-grained  samples  or  on  the  coarse  grained  fraction  of  samples  Including 
coarse-  and  fine-grained  material.  Sediment  samples  used  to  simulate  dredged 
material  should  be  separated  Into  coarse-  and  fine-grained  material  before 
proceeding  with  further  tests  since  In  a  containment  area  the  coarse  material 
rapidly  settles  out  of  the  dredge  slurry  at  the  end  of  the  pipe.  Sizing  the 
containment  area  depends  on  behavior  of  the  remaining  fine-grained  material. 
Grain-size  analysis  of  coarse  material  is  generally  a  sieve  analysis;  whereas 
fine-grained  material  is  usually  classified  using  a  hydrometer  analysis. 


Table  7.2 


Manual  Designations  of 

Selected 

Engineering 

Soil  Tests* 

Test 

ASTM 

AASHTO 

USBR 

USCE 

Gradation  (mechanical  analysis) 

D-422** 

T-88 

E-6 

Appendix 

V 

Water  content 

D-2216 

— 

E-9 

Appendix 

I 

Specific  gravity 

D-854 

T-lOO 

E-10 

Appendix 

IV 

Liquid  limit 

D-423 

T-89 

E-7 

Appendix 

III 

Plastic  limit 

D-424 

T-90 

E-7 

Appendix 

III 

Shrinkage  limit 

D-427 

T-92 

E-7 

Appendix 

III 

Relative  density 

D-2049 

— 

E-12 

Appendix 

XII 

Standard  Proctor  compaction 

D-698 

T-99 

E-11 

Appendix 

VI 

Modified  Proctor  compaction 

D-1557 

T-180 

— 

Appendix 

VI 

One-Dimensional  Consolidation 

D-2435 

T-216 

E-15 

Appendix 

VIII 

Permeability 

D-2434 

r-215 

+ 

Appendix 

VII 

Shrink/ swell  behavior 

D-3877 

— 

— 

Appendix 

VIII-A 

*  Adapted  from  McAneny  et  al.  1986 

**  Other  specialized  ASTM  designations  relate  to  gradation. 

+  E-12,  E-IA,  E-15,  E-18,  E-19,  E-36 

Note:  Manuals  referred  to  in  this  table  are  the  following: 

ASTM:  "Part  19;  Soil  and  Rock;  Building  Stones,"  Annual  Book  of  ASTM  Stan¬ 
dards,  published  annually  by  the  American  Society  for  Testing  and  Materials, 
Philadelphia,  PA. 

AASHTO :  Standard  Specifications  for  Transporation  Materials  and  Methods  of 
Sampling  and  Testing,  published  every  four  years  by  the  American  Association 
of  State  Highway  and  Transportation  Officials,  Washington,  DC. 

USBR:  Earth  Manual,  2nd  edition  (197A),  published  by  the  Bureau  of  Reclama¬ 
tion,  U.  S.  Department  of  the  Interior. 

USCE:  "Laboratory  Soils  Testing,"  Engineer  Manual  EM  1110-2-1906  (1970; 
revision  issued  1980),  published  by  the  Office  of  the  Chief  of  Engineers, 

U.  S.  Department  of  the  Army. 


Figure  7.1.  Flow  chart  depicting  laboratory  testing  program  for  determining 
engineering  properties  of  sediment  samples  (Montgomery  1978) 


Plasticity  Analyses.  In  order  to  evaluate  the  plasticity  of  fine-grained 
samples  of  sediment,  the  Atterberg  liquid  limit  (LL)  and  plastic  limit  (PL) 
must  be  determined.  The  LL  is  that  water  content  above  which  the  material  Is 
said  to  be  In  a  semlllquld  state  and  below  which  the  material  is  In  a  plastic 
state.  Similarly,  the  water  content  that  defines  the  lower  limit  of  the  plas¬ 
tic  state  and  the  upper  limit  of  the  semlsolld  state  is  termed  the  PL.  The 
plasticity  index  (PI),  defined  as  the  numerical  difference  between  the  LL  and 
the  PL,  Is  used  to  express  the  plasticity  of  the  sediment.  Plasticity  anal¬ 
yses  should  be  performed  on  the  fine-grained  fraction  (<No.  40  sieve)  of  sedi¬ 
ment  samples.  A  detailed  explanation  of  the  LL  and  PL  test  procedures  and 
apparatus  can  be  found  In  Appendix  III  of  EM  1110-2-1906  (OCE  1970). 

Water  Content.  Water  content  is  an  important  factor  used  In  sizing 
dredged  material  containment  areas  and  In  performing  other  soils  tests.  Water 
content  determinations  should  be  made  on  representative  sediment  samples.  In 
the  case  of  mixtures  of  coarse-  and  fine-grained  sediment  samples,  the  water 
content  of  Che  sample  should  be  determined  prior  to  separation  on  the  No.  40 
sieve.  The  detailed  teat  procedure  for  determining  the  water  content  is  found 
In  Appendix  I  of  EM  1110-2-1906. 

Specific  Gravity.  Values  for  specific  gravity  of  solids  for  fine-grained 
sediment  and  dredged  material  are  required  for  determining  void  ratios,  con¬ 
ducting  hydrometer  analyses,  and  consolidation  testing.  Procedures  for  con¬ 
ducting  the  specific  gravity  test  are  given  in  Appendix  IV  of  EM  1110-2-1906. 

uses  Classification.  When  classifying  sediment  samples,  the  fine-grained 
portion  which  passes  Che  No.  40  sieve  should  be  classified  separately  from  the 
coarse-grained  portion  retained  on  the  No.  40  sieve,  regardless  of  which  frac¬ 
tion  comprises  the  greatest  percentage  by  weight.  Additional  information 
regarding  the  Unified  Soils  Classification  System  USCS  classification  may  be 
found  in  WES  Technical  Memorandum  No.  3-337. 

Organic  content.  For  classification  purposes,  the  organic  content  gener¬ 
ally  need  not  be  quantified,  but  rather  a  knowledge  of  whether  significant 
organic  matter  is  present  is  required.  The  following  dry  combustion  test  pro¬ 
cedure  is  recommended  to  determine  the  organic  content  expressed  as  the  per¬ 
centage  of  weight  lost  on  ignition: 

_1.  Dry  a  40-g  sample  at  lOS'C  until  there  is  no  further  weight  loss 
(usually  4  to  6  hr) . 

2.  Place  it  in  a  desiccator  to  cool  for  13  min. 


7.9 


3.  Weigh  the  sample  and  place  it  In  the  oven  at  440'’C  for  4  hr. 

4.  Place  it  in  the  desiccator  to  cool  for  15  min. 

5.  Weigh  the  sample  and  determine  the  organic  content  by  dividing  the 
weight  lost  by  the  sample  while  in  the  oven  at  440‘’C  by  the  total  weight  of 
the  sample  at  the  time  it  was  placed  in  the  oven. 

Upland  and  Nearshore  Site  Characterization 


Upland  and  nearshore  site  characterization  is  a  critical  element  of  eval¬ 
uation  of  alternatives  for  disposal  of  contaminated  dredged  material.  Collec¬ 
tion  of  all  data  necessary  to  define  the  impact  of  an  alternative  on  human 
health  and  the  environment  by  defining  pathways  and  receptors  and  proper 
design  of  the  alternative  are  the  objectives  of  site  characterization.  How¬ 
ever,  collection  of  a  laundry  list  of  items  for  every  site  would  not  be  cost 
effective.  Existing  information  and  professional  Judgement  must  be  used  to 
select  the  specific  pieces  of  information  Important  to  the  project. 

Investigations  of  upland  and  nearshore  site  characteristics  may  be  cate¬ 
gorized  as  geology,  ground-water  hydrology,  surface-water  hydrology,  pedology, 
climatology,  human  populations,  and  ecology.  Elements  of  each  of  ttiese  types 
of  investigations  have  been  discussed  in  USEPA  (1985)  and  are  reviewed  in  the 
following  paragraphs. 

Geologic  Investigations 

Geology  of  a  disposal  site  is  Important  because  of  its  interrelationship 
Co  contaminant  releases,  water  movement  and  contaminant  transport,  and  ease  of 
implementation  of  control/treatment  alternatives. 

Structures  influencing  ground-water  flow  may  Include  folds,  faults, 
joints,  fractures,  and  interconnected  voids.  Stratigraphic  information  may  be 
used  to  identify  aquifers  and  confining  formations  so  that  the  units  most 
likely  to  transport  contaminants  can  be  delineated.  Stratigraphic  data  and 
composition  of  the  geologic  units  are  useful  in  estimating  effective  porosity, 
permeability,  and  homogeneity,  which  cause  flow  within  an  aquifer.  The 
geologic  Information  that  may  be  needed  to  evaluate  the  site  hydrology  and 
site  engineering  aspects  is  summarized  in  Table  7.3  (USEPA  1985). 

Ground-water  Investigations 


Protection  of  ground  water  should  be  a  primary  goal  of  upland  and  near¬ 
shore  disposal  site  selection.  Characterization  of  contaminant  transport  in 


density,  moisture 


ground  water  requires  determination  of  the  hydrologic  properties  of  the  aqui¬ 
fer.  These  properties  Include  direction  and  rate  of  ground-water  flow.  Flow 
varies  according  to  aquifer  type  (confined,  unconfined,  or  perched),  hydro- 
logic  boundaries,  leakage  to  or  from  other  aquifers,  and  recharge  or  with¬ 
drawal  from  the  aquifer  (USEPA  1985). 

Ground-water  and  geologic  data  not  available  In  the  literature  almost 
always  require  direct  observation  through  the  Installation  of  ground-water 
wells,  aquifer  tests  to  determine  flow  parameters  such  as  permeability  and 
hydraulic  potential,  and  extensive  sampling  and  analysis.  Geophysical  survey 
methods  may  be  useful  for  determining  geologic  and  geohydrologlc  conditions 
and  for  evaluating  the  direction  and  extent  of  contaminant  plumes.  Procedures 
for  well  Installation,  aquifer  testing,  and  sampling  of  the  ground-water 
regime  are  described  In  Ford  et  al.  (1983).  The  types  of  hydrologic  data  that 
may  be  needed  to  characterize  the  movement  of  contaminants  in  ground  water  are 
presented  in  Table  7.4  (USEPA  1985). 

Surface-water  Investigations 

If  contaminants  can  be  transported  via  surface-water  runoff,  then 
sampling  to  evaluate  the  types  and  levels  of  contaminants  within  this  medium 
should  be  performed.  Because  the  Importance  of  this  pathway  depends  greatly 
on  weather  conditions,  data  should  be  collected  at  specific  known  locations 
(or  stations),  under  known  meteorological  conditions,  and  through  periods 
representing  natural  cycles  In  ambient  conditions  (USEPA  1985) .  Established 
sampling  and  analytical  procedures  for  surface-water  field  studies  and  water 
quality  modeling  may  be  found  in  a  large  number  of  texts  and  agency  publica¬ 
tions.  Surface-water  information  that  may  be  required  for  characterization  of 
an  upland  or  nearshore  site  is  presented  in  Table  7.5. 

Pedologlcal  Investigations 

The  amount  of  contaminated  liquid  that  Infiltrates  into  the  ground 
depends  on  the  ground  cover,  antecedent  moisture,  land  use,  and  the  surface 
soil  type.  The  amount  of  contaminated  liquid  and  the  pathway  it  may  take  to 
enter  an  aquifer  depend  on  the  physical  properties  (e.g.,  permeability,  poros¬ 
ity)  of  the  subsurface  geologic  media  and  the  near-surface  characteristics 
(e.g.,  soil  porosity  and  moisture  content,  slope,  vegetative  cover)  (USEPA 
1985).  Surface  characteristics  of  the  disposal  site  may  be  predetermined  by 
appropriately  designing  and  installing  a  cover.  However,  dredged  material 


properties  and  leachate  prediction  tests  will  be  needed  to  complement 
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May  be  appropriate  if  detailed  information  is  required  or  if  it  is  the  only  method  due  to  a  paucity 
of  published  data. 
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**  May  be  appropriate  if  detailed  information  is  required. 
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I 

I 

1 

I 

pedologlcal  data.  Important  pedologlcal  information  Is  presented  in 
Table  7.6. 

Climatological  Investigations  j 

Local  climatological  data  are  Important  to  defining  releases  of  contami-  | 

nants  and  to  design  control  or  treatment  facilities.  Rainfall  volumes  must  be  | 

I 

calculated  for  peak  storms  and  for  long  term  operations  in  order  to  design  j 

surface-water  control  facilities  and  to  calculate  a  water  balance  identifying  { 

where  the  rainfall  goes  (e.g.,  surface  water,  percolation,  etc.)  and  the  vol¬ 
ume  that  must  be  treated  prior  to  release.  Temperatures  affect  design  param-  ' 

eters  for  some  treatment  processes,  and  winds  can  be  important  if  volatile  | 

contaminants  are  a  concern.  Climatic  data  is  generally  available  from  the 
National  Oceanic  and  Atmospheric  Administration  (NOAA) .  A  summary  of  impor¬ 
tant  climatological  information  is  presented  in  Table  7.7. 

Investigations  of  Effects  on  Public  Health 

Potential  exposure  of  human  populations  to  dredged  material  contaminants 
should  be  included  when  characterizing  an  upland  or  nearshore  site.  Exposure 
depends  not  only  on  the  rate  of  contaminant  release  from  the  site,  which  is 
defined  by  the  numerous  tests  discussed  in  this  chapter,  but  also  the  numbers 
and  locations  of  Inhabitants  in  a  given  geographic  area  and  the  type  and 
extent  of  human  contact  with  the  contaminated  media  (USEPA  1985).  Typical 
information  needed  is  as  follows: 

•  Local  use  of  surface  water  draining  the  site. 

Drinking  water 

Recreation  (swimming,  fishing) 

•  Local  use  of  ground  water  as  a  drinking  water  source. 

Distance  of  wells  from  site 

Expected  direction  of  ground-water  flow 

•  Human  use  of  or  access  to  the  site  and  adjacent  lands. 

Recreation 

Hunting 

Residential 

Commercial 

Relationship  between  population  locations  and  prevailing  wind 
direction 

More  detailed  guidance  regarding  potential  health  Impacts  are  presented 
in  EPA  guidance  documents  (USEPA  1984). 

Ecological  Investigations 


Biological  and  ecological  information  is  collected  for  use  in  the 
endangerment  and  environmental  assessments.  The  assessment  may  follow  the 
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USEPA  (1985). 

May  be  appropriate  if  detailed  information  is  required. 
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guidelines  of  the  National  Environmental  Policy  Act  of  1969.  as  amended; 
however.  State  guidelines  may  be  more  stringent  and  should  also  be  consulted. 
The  Information  should  Include  Identification  of  the  site  fauna  and  flora 
(especially  endangered  species  and  those  consumed  by  humans  or  found  In  human 
foodchalns),  critical  habitats,  land  use,  water  use,  and  the  distribution  of 
water  wells  (USEPA  1982b).  A  summary  of  important  ecological  information  is 
provided  In  Table  7.8.  The  extent  to  which  this  Information  is  necessary  for 
a  particular  project  Is  site  specific  and  dependent  of  the  nature  of  the  con¬ 
taminated  dredged  material. 

Contaminant  Release  Studies  for  Upland  and  Nearshore  Sites 


Migration  of  contaminants  from  dredged  material  disposal  operations  can¬ 
not  be  predicted  on  the  basis  of  bulk  chemical  analysis  of  sediment.  Other 
testing  protocols  are  required  to  quantify  the  contaminant  release  to  the  var¬ 
ious  migration  pathways  and  potential  receptors.  The  Corps  of  Engineers 
Dredged  Material  Research  Program,  Long  Term  Effects  of  Dredging  Operations 
Program,  and  Dredging  Operations  Technical  Support  Program  have  pursued  estab¬ 
lishment  of  testing  protocols  to  define  the  following; 

-  Release  of  contaminants  in  the  effluent  during  disposal  operations. 

Surface  runoff  of  contaminants  in  either  dissolved  or  suspended 
particulate  following  disposal. 

Leaching  Into  ground  water. 

-  Plant  uptake  directly  from  dredged  material,  followed  by  Indirect  animal 
uptake  from  feeding  on  vegetation. 

-  Animal  uptake  directly  from  dredged  material. 

-  Gaseous  or  volatile  emissions  during  and  after  placement  of  dredged 
material. 

Results  of  these  tests  provide  the  basis  for  decision  making  on  the  need 
for  restrictions  in  the  "Management  Strategy"  (Francingues  et  al.  1985)  and 
the  "Decisionmaking  Framework"  (Lee  et  al.  1986).  These  documents  briefly 
describe  the  proposed  test  protocols.  A  brief  summary  of  the  various  tests  is 
presented  below  and  details  where  available  are  presented  in  Appendix  A. 

\ 


7.21 


00 

eo  ^ 

c 

C  41 

•H 

0^ 

0» 

*r(  4) 

CO 

> 

> 

(0 

c 

u 

k 

c  -o 

0) 

G 

3 

41  C 

CO 

CO 

CO 

(0  eg 

0> 

TO 

T3 

41  *« 

>^ 

4J 

G 

C 

u  a 

0 

G 

G 

O  3 

> 

a 

O 

O 

a  0 

k 

a» 

u 

k 

41  t-i 

G 

Q< 

00 

O 

oe  ao 

(0 

<0 

c 

k 

0) 

0) 

CO 

CO 

4J 

k 

•H 

0) 

Oil 

•H 

CO 

Q. 

G 

u 

CO 

CO 

Uh 

fH 

k 

CO 

<4H 

O 

O 

O 

CO 

o 

a 

<4-1 

£ 

(0 

•H 

>s 

c 

o 

a 

CO 

'G 

C 

0) 

o 

CO 

T3 

k 

CO 

> 

>> 

k 

k 

0 

k 

CO 

01 

00 

o 

u 

3 

> 

0 

u 

0) 

c 

(0 

k 

4-1 

0) 

k 

CO 

a 

3 

o 

k 

« 

•H 

CO 

CJ 

CO 

G 

a. 

U 

•H 

4J 

01 

<0 

« 

'H 

•H 

C 

> 

0) 

CQ 

rH 

CQ 

k 

•3 

u 

0) 

G 

3 

C 

•H 

k 

G 

04 

O. 

CO 

(0 

(0 

<0 

00  (0 
C  *H  00 
*H  CO  C 
>%  -H 
a.<H  CO 
6  CO  c 
(0  C  01 
c/3  CO  CO 


*0 

1 

k 

•o 

c 

•k 

0» 

» 

Oj 

u 

a 

> 

4J 

k 

4J 

CQ 

fk 

rk 

e 

C 

CO 

0> 

o 

•k 

3 

0/ 

o» 

•k 

» 

w 

4J 

k 

0> 

k 

CO 

•  i  fk 

I 

CO 

0 

4J 

U 

0) 

C  3  (Q 

CJ 

U 

4 

> 

0 

CO 

k 

O  00  k 

■k 

o 

00 

G  u  c 
o  a  o 

•H 

CO  V  W 
«0  ^  <0 
^  •H 
1^0-0 
<0  ^  01 
a 

V  V  V 
C  u  U 
*H  tH 
g  CO  00 

4J  (0  ^ 

o;  o>  ^ 

Q  C  T3 


01  ^ 
*0  4i 
U  .H  CO 
0>  ^  N 
«J  O  *H 
O  ^ 


w  13 
(0  CO  C 
3  0)  O 

C7*  V*  •H 

00  u 
•O  CO 
VM  •-(  (4 
•H  3  •H 


c 

3 

CO  CO 

O  k 

1  CO 

k 

CO 

01 

V 

0» 

0> 

CJ  k 

1  v 

CJ 

0) 

a 

c 

C 

k  • 

c 

4J 

>  k 

0^ 

c 

O 

0) 

♦k 

CO 

Q,  C» 

•k 

4J  3 

i  3. 

k 

•k 

k 

a 

o 

a 

fk 

a 

C 

a 

k 

CO 

k 

k 

3 

•  rt 

k 

0)  c 

1  M 

«4 

k 

U 

>N 

V 

•k 

X 

•  a 

V 

i  2 

1  • 

X 

0> 

CO 

CO 

u 

> 

OO 

u 

5  a 

1  00 

CO 

k 

Ou 

o 

Ot 

c 

c 

•  c 

V 

o  s 

1  • 

•k 

V 

a 

u 

a 

0) 

•k 

V  to 

Q 

k  X 

;  V 

<k 

Q 

•k 

0^ 

T3 

■ 

Of 

k 

yj 

•k 

f. 

3 

cr 

0) 

k~ 

k 

■ 

Effluent  QuallCv 


Water  quality  effects  of  upland  disposal  effluents  (water  discharged  dur¬ 
ing  active  disposal  operations)  have  been  Identified  as  one  of  the  greatest 
deficiencies  in  knowledge  of  the  environmental  Impact  of  dredged  material  dis¬ 
posal  (Jones  and  Lee  1978).  Dredged  material  placed  In  an  upland  disposal 
area  undergoes  sedimentation,  while  clarified  supernatant  waters  are  dis¬ 
charged  from  the  site  as  effluent  during  active  dredging  operations.  The 
effluent  may  contain  levels  of  both  dissolved  and  particulate-associated 
contaminants.  A  large  portion  of  Che  total  contaminant  level  is 
particulate  associated. 

The  standard  elutriate  test  Is  sometimes  used  to  evaluate  effluent  water 
quality,  but  this  test  does  not  reflect  the  conditions  existing  in  confined 
disposal  sites  that  Influence  contaminant  release.  A  modified  elutriate  test 
procedure,  developed  under  the  LEDO  program  (Palermo  1986),  can  be  used  to 
predict  both  the  dissolved  and  particulate-associated  concentrations  of  con¬ 
taminants  In  upland  disposal  area  effluents  (water  discharged  during  active 
disposal  operations) .  The  laboratory  test  simulates  contaminant  release  under 
upland  disposal  conditions  and  reflects  sedimentation  behavior  of  dredged 
material,  retention  time  of  the  containment,  and  chemical  environment  In 
ponded  water  during  active  disposal. 

The  modified  elutriate  test  procedure  Is  described  in  Appendix  A.  Sedi¬ 
ment  and  dredging  site  water  are  mixed  to  a  slurry  concentration  equal  to  the 
expected  Influent  concentration  under  field  conditions.  The  mixed  slurry  is 
aerated  in  a  4-1  cylinder  for  1  hr  to  ensure  oxidizing  conditions  will  be 
present  in  the  supernatant  water.  Following  aeration,  the  slurry  is  allowed 
to  settle  under  quiescent  conditions  for  a  period  equal  to  the  expected  mean 
field  retention  time,  up  to  a  maximum  of  24  hr.  A  sample  is  then  extracted 
from  Che  supernatant  water  and  analyzed  for  total  suspended  solids  and  dis¬ 
solved  and  total  concentrations  of  contaminants  of  interest.  The  contaminant 
fractions  of  the  total  suspended  solids  may  then  be  calculated.  Column  set¬ 
tling  tests,  similar  to  those  used  for  design  of  disposal  areas  for  effective 
settling  (Palermo  et  al.  1978,  and  Palermo  1986),  are  used  to  define  the  con¬ 
centration  of  suspended  solids  In  the  effluent  for  a  given  operational  condi¬ 
tion,  l.e.,  ponded  area,  depth,  and  inflow  rate.  Using  results  from  both  of 
these  analyses,  a  prediction  of  the  total  concentration  of  contaminants  can  be 
made.  Detailed  procedures  are  given  In  Palermo  (1986). 
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The  acceptability  of  the  proposed  upland  disposal  operation  can  be  evalu¬ 
ated  by  comparing  the  predicted  dissolved  contaminant  concentrations  with 
applicable  water  quality  standards  while  considering  an  appropriate  mixing 
zone  and  the  quality  of  the  receiving  water  body.  Where  the  p-imary  adminis¬ 
trative  goal  is  maximum  containment  of  contaminants >  appropriate  controls  and 
restrictions  may  be  required  to  first  meet  water  quality  criteria  without  a 
mixing  zone  or  secondarily  to  ensure  that  an  acceptable  mixing  zone  Is 
maintained. 


Surface  Runoff  Quality 

After  dredged  material  has  been  placed  in  an  upland  disposal  site  and  the 
dewatering  process  has  been  initiated,  contaminant  mobility  in  rainfall- 
induced  runoff  is  considered  in  the  overall  environmental  impact  of  the 
dredged  material  being  placed  In  a  confined  disposal  site.  The  quality  of  the 
runoff  water  can  vary  depending  on  the  physicochemical  process  and  the  contam¬ 
inants  present  in  the  dredged  material.  Drying  and  oxidation  will  promote 
aerobic  microbiological  activity,  which  more  completely  breaks  down  the 
organic  component  of  the  dredged  material  and  oxidizes  sulfide  compounds  to 
more  soluble  sulfate  compounds.  Concurrently  reduced  iron  compounds  will 
become  oxidized  and  iron  oxides  will  be  formed  that  can  act  as  metal  scaven¬ 
gers  to  adsorb  soluble  metals  and  render  them  less  soluble.  The  pH  of  the 
dredged  material  will  be  affected  by  the  amount  of  acid-forming  compounds 
present  as  well  as  the  amount  of  basic  compounds  that  can  buffer  acid  forma¬ 
tion.  Generally,  large  amounts  of  sulfur,  organic  matter,  and/or  pyrite  mate¬ 
rial  will  generate  acid  conditions.  Basic  components  of  dredged  material  such 
as  calcium  carbonate  will  tend  to  neutralize  acidity  produced.  The  resulting 
pH  of  the  dredged  material  will  depend  on  the  relative  amounts  of  acid  formed 
and  basic  compounds  present. 

Runoff  water  quality  will  depend  on  the  results  of  the  above  processes  as 
the  dredged  material  dries  out.  For  example,  should  there  be  more  acid  forma¬ 
tion  than  the  amount  of  bases  present  to  neutralize  the  acid,  then  the  dredged 
material  will  become  acidic  in  pH.  Excessive  amounts  of  pyrite  when  oxidized 
can  reduce  pH  values  from  an  initial  pH  7  down  to  pH  3.  Under  these  condi¬ 
tions  surface  runoff  water  quality  can  be  acidic  and  could  contain  elevated 
concentrations  of  trace  metals. 

An  appropriate  test  for  evaluating  surface  runoff  water  quality  must  con¬ 
sider  the  effects  of  the  drying  process  to  adequately  estimate  and  predict 
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runoff  water  quality.  At  present  there  is  no  single  simplified  laboratory 
test  to  predict  runoff  water  quality.  Research  was  Initiated  in  November  1984 
to  develop  such  a  test.  A  laboratory  test  using  a  rainfall  simulator  has  been 
developed  and  is  being  used  to  predict  surface  runoff  water  quality  from 
dredged  material  as  part  of  the  CE/EPA  FVP  (Westerdahl  and  Skogerboe  1981,  Lee 
and  Skogerboe  1983a,  Lee  and  Skogerboe  1983b).  This  test  protocol  involves 
taking  a  sediment  sample  from  a  waterway  and  placing  it  In  a  soil-bed 
lysimeter  in  its  original  wet  reduced  state.  The  sediment  is  allowed  to  dry 
out.  At  intervals  during  the  drying  process,  rainfall  events  are  applied  to 
the  lysimeter,  and  surface  runoff  water  samples  are  collected  and  analyzed  for 
selected  water  quality  parameters.  Rainfall  simulations  are  repeated  on  the 
soil-bed  lysimeter  until  the  sediment  has  completely  dried  out.  Results  of 
the  tests  can  be  used  to  predict  the  surface  runoff  water  quality  that  can  be 
expected  in  a  confined  disposal  site  when  the  dredged  material  dries.  From 
these  results  control  measures  can  be  formulated  to  treat  surface  runoff  water 
if  required  to  minimize  the  environmental  impact  to  surrounding  areas. 

An  example  of  the  use  of  this  test  protocol  was  cited  by  Lee  and  Skoger¬ 
boe  (1983b).  An  estuarine  dredged  material  highly  contaminated  with  the 
metals  Zn,  Cu,  Cd,  Ni,  and  Cr  was  evaluated  using  this  test  procedure.  An 
acid  rainfall  simulating  typical  rainfall  quality  at  the  upland  disposal  site 
was  used.  Test  results  indicated  significant  solubilization  of  these  metals 
in  surface  runoff  water  after  the  dredged  material  had  dried.  The  pH  of  the 
dredged  material  became  acid  because  of  limited  base  neutralizing  compounds 
present  and  the  acid  rainfall  applied.  The  oxidation  of  sulfide  compounds  and 
organic  complexes  apparently  released  metals  into  more  soluble  and  mobile 
forms.  Based  on  these  test  results,  control  measures  were  designed  to  neutra¬ 
lize  acidity  and  remove  these  metals  in  surface  runoff  water. 

Leachate  Quality 


Subsurface  drainage  from  disposal  sites  in  an  upland  environment  may 
reach  adjacent  aquifers  or  may  enter  surface  waters.  Fine-grained  dredged 
material  tends  to  form  its  own  disposal-area  liner  as  particles  settle  with 
percolation  drainage  water,  but  the  consolidation  may  require  some  time  for 
self-sealing  to  develop.  In  addition,  diffusion  of  contaminants  through  fine¬ 
grained  materials  will  continue  even  after  the  self-sealing  has  stopped  much 
of  the  water  convection.  It  is  surmised,  but  not  demonstrated,  that  hydropho¬ 
bic  organic  contaminants  can  ride  piggy-back  on  naturally  occurring  dissolved 
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organic  carbon  and  thus  can  diffuse  Into  ground  water  beneath  a  site.  Further 
work  Is  needed  to  substantiate  this  theory.  Since  most  contaminants  poten¬ 
tially  present  in  dredged  material  are  closely  adsorbed  to  particles, 
primarily  the  dissolved  fraction  will  be  present  in  leachates.  A  potential 
for  leachate  impacts  exists  when  a  dredged  material  from  a  saltwater  environ¬ 
ment  is  placed  in  an  upland  site  adjacent  to  freshwater  aquifers  or  to  surface 
waters.  The  site-specific  nature  of  subsurface  conditions  is  the  major  factor 
in  determining  possible  impact  (Chen  et  al.  1978). 

An  appropriate  leachate  quality  testing  protocol  must  predict  which  con¬ 
taminants  may  be  released  in  leachate  and  the  relative  degree  of  release. 

There  is  presently  no  routinely  applied  testing  protocol  to  predict  leachate 
quality  from  dredged  material  disposal  sites.  An  evaluation  of  available 
leaching  procedures  is  needed  before  a  leaching  test  protocol  for  confined 
dredged  material  can  be  recommended.  Although  a  wide  variety  of  leaching  or 
extraction  tests  have  been  proposed  for  hazardous  waste  (Lowenbach  et  al. 
1977),  none  have  been  field  verified  for  use  to  evaluate  leaching  of  dredged 
material  placed  in  upland  disposal  sites. 

A  review  of  the  literature  has  indicated  that  theoretical  models  and  data 
on  the  leaching  potential  of  dredged  material  are  needed  in  order  to  evaluate 
alternative  strategies  for  the  treatment  and  containment  of  contaminants  in 
upland  disposal  sites.  Theoretical  developments  that  are  needed  involve 
pertinent  transport  rate  equations  that  describe  the  leaching  of  chemicals 
from  dewatered  and  consolidated  dredged  material.  Data  gaps  include  lack  of 
sufficient  information  on:  (a)  bulk  transport  of  contaminants  by  seepage; 

(b)  contaminant  leachability  under  various  environmental  conditions;  and 

(c)  long-term  geochemical  consequences  that  alter  contaminant  leachability. 
Leaching  tests  are  recommended  that  can  assist  in  the  development  of  an  appro¬ 
priate  predictive  protocol  for  Commencement  Bay  sediment. 

Development  of  leachate  prediction  models  using  mass-transport  equations 
will  require  information  on  the  relative  significance  of  intra-particle  diffu¬ 
sion,  surface  desorption,  film  diffusion,  and  other  possible  rate  controlling 
mechanisms  for  contaminant  leaching  (e.g.,  irreversible  chemical  reactions). 
Serial  batch  leach  tests  (Houle  and  Long  1980)  can  indicate  whether  leaching 
of  a  sediment  is  an  equilibrium-  or  kinetically-controlled  process.  Theoreti¬ 
cal  considerations  indicate  that,  with  proper  interpretation,  results  from 
serial  batch  leach  tests  can  yield  coefficients  suitable  for  modeling 
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contaminant  leaching  in  a  confined  disposal  site.  Predicative  techniques, 
including  serial  batch  leach  tests,  are  presently  being  evaluated  at  the  WES 
(Hill  et  al.  1984). 

Column  leach  tests  using  specially  constructed  permeameters  can  provide 
information  needed  for  modeling  bulk  transport  of  contaminants  in  an  upland 
disposal  site  (Goerlitz  1984).  The  disposal  site  environment  is  simulated  in 
a  test  permeameter  by  passing  a  reference  liquid  or  site  water  through  the 
dredged  material.  Comparison  of  batch  leach  test  and  permeameter  leach  test 
results  can  indicate  the  relative  significance  of  bulk  transport  and  diffusive 
transport  within  a  volume  of  dredged  material,  and  the  relative  importance  of 
film  effects  and  nonequilibrium  processes  on  contaminant  desorption  mecha¬ 
nisms.  The  potential  use  of  permeameters  and  batch  leaching  tests  for  pre¬ 
dicting  leachate  quality  in  an  upland  disposal  site  is  presently  under 
investigation  at  the  WES.  Routine  testing  procedures  cannot  be  recommended  at 
this  time. 

Plant  Uptake 

After  dredged  material  has  been  placed  in  either  an  intertidal,  wetland, 
or  an  upland  environment,  plants  can  invade  and  colonize  the  site.  In  most 
cases,  fine-grain  dredged  material  contains  large  amounts  of  nitrogen  and 
phosphorus,  which  promote  vigorous  plant  growth.  Elevations  in  confined  dis¬ 
posal  sites  can  range  from  wetland  to  upland  terrestrial  environments.  In 
many  cases,  the  dredged  material  was  placed  in  upland  disposal  sites  because 
contaminants  were  present  in  the  dredged  material.  Consequently,  there  is 
potential  for  movement  of  contaminants  from  the  dredged  material  into  the 
environment  through  plants  and  then  eventually  into  the  food  chain. 

An  appropriate  test  for  evaluating  plant  uptake  of  contaminants  from 
dredged  material  must  consider  the  ultimate  environment  in  which  the  dredged 
material  is  placed.  The  physicochemical  processes  become  extremely  important 
in  determining  the  availability  of  contaminants  for  plant  uptake. 

There  is  a  plant  bioassay  test  protocol  that  was  developed  under  the  LEDO 
Program  based  on  the  results  of  the  DMRP.  This  procedure  has  been  applied  to 
a  number  of  contaminated  dredged  materials  (both  fresh  water  and  estuarine). 
Results  obtained  from  these  plant  bioassays  have  provided  sufficient  informa¬ 
tion  to  predict  the  potential  for  plant  uptake  of  contaminants  from  dredged 
material  (Folsom  and  Lee  1981,  1983;  Lee  et  al.  1982;  Folsom  et  al.  1981). 

The  procedure  is  presently  being  field  verified  under  the  CE/EPA  FVP  and  is 
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being  applied  to  a  wide  variety  of  contaminated  materials  such  as  sewage 
sludge  amended  soils  in  the  US  and  metal  mining  waste  contaminated  soils  in 
Wales,  U.  K. 

The  plant  bloassay  procedure  requires  taking  a  sample  of  sediment  from  a 
waterway  and  placing  it  either  in  a  flooded  wetland  environment  or  an  upland 
terrestrial  environment  in  the  laboratory.  An  index  plant,  Spartina  altermi- 
flora  for  estuarine  sediments  and  Cyperus  esaulentus  for  freshwater  sediments, 
is  then  grown  in  the  sediment  under  conditions  of  both  wetland  and  upland  dis¬ 
posal  environments.  Plant  growth,  phytotoxicity,  and  bioaccumulation  of  con¬ 
taminants  are  monitored  during  the  growth  period.  Plants  are  harvested  and 
analyzed  for  contaminants.  The  test  results  indicate  the  potential  for  plants 
to  become  contaminated  when  grown  on  the  dredged  material  in  either  wetland  or 
upland  terrestrial  environment.  From  the  test  results,  appropriate  management 
strategies  can  be  formulated  as  to  where  to  place  a  dredged  material  to  mini¬ 
mize  plant  uptake  or  how  to  control  and  manage  plant  species  on  the  site  so 
that  desirable  plant  species  that  do  not  take  up  and  accumulate  contaminants 
are  allowed  to  colonize  the  site,  while  undesirable  plant  species  are  removed 
or  eliminated. 

There  is  another  laboratory  test  beinj,  developed  under  the  LEDO  Program 
that  utilizes  the  results  of  an  organic  solvent  extraction  method  to  chemically 
predict  plant  uptake  of  certain  trace  metals  such  as  zinc,  cadmium,  nickel 
chromium,  lead,  and  copper.  This  test  procedure  attempts  to  simulate  the 
capacity  of  a  plant  root  to  extract  metals  from  a  dredged  material.  Field 
verification  of  this  test  protocol  is  being  conducted  under  the  CE/EPA  FVP. 

This  test  procedure  takes  a  sample  of  dredged  material  in  the  flooded  reduced 
wetland  condition  and  another  sample  that  has  been  air  dried  for  an  upland 
condition.  The  samples  are  extracted  for  24  hr  in  a  modified  DTPA  extraction 
solution  according  to  Lee  et  ai.  (1983).  This  solution  is  then  filtered 
through  a  millipore  filter  and  the  filtrate  is  analyzed  for  soluble  contami¬ 
nants.  This  procedure  has  been  successful  in  predicting  plant  leaf  tissue 
contents  of  certain  metals.  There  is  no  existing  extraction  procedure  that 
predicts  plant  availability  of  organic  contaminants. 

Animal  Uptake 

Many  animal  species  invade  and  colonize  upland  dredged  material  disposal 
sites.  In  some  cases,  prolific  wildlife  habitats  have  become  established  on 
these  sites.  These  habitats  are  usually  rich  in  waterfowl  and  often  become 


7.28 


•  ^ 


the  focus  of  public  interest  through  local  ornithologists,  sportsmen,  and  the 
environmentally  aware  public.  Concern  has  developed  recently  over  the  poten¬ 
tial  for  invertebrate  animals  inhabiting  terrestrial  upland  disposal  sites  to 
become  contaminated  and  contribute  to  the  contamination  of  food-webs  associ¬ 
ated  with  the  site. 

An  appropriate  test  for  evaluating  animal  uptake  of  contaminants  from 
dredged  material  must  consider  the  ultimate  environment  in  which  the  dredged 
material  is  placed,  the  anticipated  ecosystem  developed,  and  the  physicochemi¬ 
cal  processes  governing  the  biological  availability  of  contaminants  for  animal 
uptake. 

There  is  a  recommended  test  protocol  being  tested  under  the  CE/EPA  FVP 
that  utilizes  an  earthworm  as  an  index  species  to  indicate  toxicity  and  bioac- 
cumulatlon  of  contaminants  from  dredged  material.  In  this  procedure,  an 
earthworm  is  placed  in  sediment  maintained  in  moist  and  semi-moist  air-dried 
environments.  The  toxicity  and  bioaccumulation  of  contaminants  are  monitored 
over  a  28-day  period  (Simmers  et  al.  1983;  Marquenie  and  Simmers  1984).  This 
procedure  is  a  modification  of  a  procedure  developed  by  Dr.  C.  A.  Edwards  in 
England  for  determining  the  hazardous  nature  of  manufactured  chemicals  to  be 
sold  in  the  European  Economic  Community.  Test  rco’i'ts  to  date  indicate  the 
terrestrial  earthworm  test  procedure  can  indicate  potential  environmental 
effects  of  dredged  material  disposal  in  upland  environments.  The  evaluative 
portion  of  the  test  is  mainly  tissue  analysis  rather  than  strictly  mortality. 
While  the  test  is  being  established,  those  treatments  necessary  to  ensure 
survival  for  the  test  period  (such  as  washing  or  dilution)  suggest  potential 
field  site  management  strategies.  The  earthworm  contaminant  levels  can  also 
be  related  to  the  food  web  that  could  exist  on  the  site  after  disposal.  This 
type  of  test  can  be  conducted  simultaneously  under  optimum  conditions  in  the 
laboratory  and  in  the  field  at  or  near  the  proposed  disposal  site  to  further 
assess  the  extent  of  contaminant  mobility.  This  test  can  identify 
bioavailable  metals  and  organic  contaminants  in  the  material  to  be  dredged. 


Tests  for  Control/Treatment  Technology  Design 
for  Upland  and  Nearshore  Sites 


The  variations  in  dredged  material  characteristics,  both  physical  and 
chemical,  and  the  lack  of  documented  field  experiences  with  control  or 
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treatment  technologies  for  contaminated  dredged  material  dictate  the  need  for 
laboratory,  bench-scale,  or  perhaps  pilot  studies  to  determine  design  param¬ 
eters  for  these  technologies.  This  section  of  the  report  will  discuss  test 
procedures  developed  to  date  specifically  for  dredged  material  and  available 
test  procedures  for  solid  and  liquid  treatment. 

Settling  Tests 

Settling  tests  are  an  Important  element  of  confined  disposal  facility 
design  where  the  dredged  material  slurry  Is  dredged  hydraulically  or  pumped 
into  the  facility  from  a  barge  or  scow.  The  objective  of  running  settling 
tests  on  sediment  to  be  dredged  or  dredged  material  slurry  is  to  define,  on  a 
batch  basis,  their  settling  behavior  In  a  large-scale  continuous  flow  dredged 
material  containment  area.  The  tests  provide  numerical  design  that  can  be 
projected  to  the  size  and  design  of  the  containment  area  to  meet  effluent 
suspended  solids  criteria  and  to  provide  adequate  storage  capacity  for  solids. 
WES  recommends  that  the  tests  be  performed  In  an  8-in.  diameter,  6-ft  deep 
plexiglass  column.  Appendix  A  presents  the  procedures  and  equipment  for 
running  the  test  on  dredged  materials. 

Chemical  Clarification 

Chemicfl  clarification  may  be  required  where  gravity  settling  alone  does 
not  adequately  remove  suspended  solids  from  a  dredged  material  slurry.  Jar 
tests,  similar  to  those  used  in  the  water  treatment  industry,  have  been 
adapted  for  use  in  selecting  flocculating  agents  and  determining  the  required 
dosage  for  dredged  material  samples.  The  procedure  has  been  reported  by 
Schroeder  (1983)  and  is  presented  In  Appendix  A.  In  addition  to  containment 
area  effluent,  chemical  clarification  may  also  be  applicable  to  surface-water 
runoff. 

Consolidation  Tests 


Determination  of  containment  area  long-term  storage  capacity  requires 
estimates  of  settlement  due  to  self-weight  consolidation  and  due  to  consolida¬ 
tion  of  foundation  soils.  Consolidation  test  results  must  be  obtained, 
including  time-consolidation  data,  to  estimate  the  average  voids  ratio  at  com¬ 
pletion  of  100  percent  to  primary  consolidation.  Consolidation  tests  for 
foundation  soils  should  be  performed  as  described  in  EM  1110-2-1906  (OCE 
1970).  Constant  rate  of  strain  tests  or  fixed-ring  consolidometers  should  be 
used  for  consolidation  testing  of  dredged  material  samples  due  to  their  fluid¬ 
like  consistency.  For  dredged  material,  the  major  modifications  to  standard 


fixed-ring  testing  procedure  involve  the  sample  preparation  and  method  of 
loading. 

Liner  Tests 

Numerous  tests  are  available  to  evaluate  the  strength,  durability, 
permeability,  and  chemical  compatibility  of  liner  materials.  These  tests  are 
discussed  in  detail  in  "Lining  of  Waste  Impoundment  and  Disposal  Facilities" 
(USEPA  1983).  USEPA  does  not  require  that  specific  liner  tests  be  performed. 
The  primary  site-specific  tests  for  design  are  those  that  evaluate  the 
compatibility  of  contaminants  and  liner  materials.  For  synthetic  materials 
USEPA  (1983)  discussed  two  tests:  the  Immersion  test  and  the  pouch  test. 

Brief  descriptions  of  these  two  tests  from  USEPA  (1983)  are  presented  in  the 
next  two  paragraphs. 

Immersion  Test.  In  this  teat,  samples  of  the  specific  membrane  liners 
are  immersed  in  the  waste  and  the  effects  of  the  immersion  upon  the  weight  and 
dimensions  of  the  liner  specimens  and  a  selected  number  of  physical  properties 
are  measured  as  a  function  of  immersion  time.  By  immersing  the  samples  totally 
in  the  waste  fluid,  a  somewhat  accelerated  test  is  generated.  Further  accel¬ 
eration  can  be  effected  by  increasing  the  temperature  somewhat.  However,  the 
closer  the  temperature  and  exposure  conditions  are  to  actual  service,  the  more 
reliable  the  results  will  be.  Also,  the  longer  the  test  can  be  run,  the  more 
reliable  it  will  be.  These  types  of  tests  should  be  initiated  early  in  the 
design  phase  of  the  waste  facility.  An  exposure  period  of  twelve  months  is 
desirable.  Samples  can  be  withdrawn  at  one,  two,  four,  etc.,  months  to  assess 
the  effect  as  a  function  of  time. 

Pouch  Test.  This  test  was  designed  to  measure  the  permeability  of 
polymeric  membrane  liner  materials  to  water  and  to  dissolved  constituents  of 
the  wastes.  A  sample  of  the  waste  is  sealed  in  a  small  pouch  fabricated  of  the 
liner  material  under  test  that  is  then  placed  in  distilled  or  deionized  water. 
Measurements  are  taken  periodically  to  determine  the  extent  of  movement  of 
water  into  the  membrane  and/or  leakage  of  waste  into  the  water.  A  concentra¬ 
tion  gradient  is  created  by  the  deionized  water  on  one  side  of  the  membrane 
and  the  waste  on  the  other  side.  This  test  environment  results  in  the 
movement  by  osmosis  of  water  and  ions  and  other  dissolved  constituents  through 
the  membrane  due  to  the  differences  in  concentrations  on  either  side  of  the 
membrane.  Changes  in  liner  materials  are  observed  and  later  physical 
properties  are  tested.  At  present,  this  test  is  limited  to  thermoplastic  and 
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crystalline  membranes;  however.  It  can  be  used  to  assess  the  compatibility  of 
wastes  with  these  materials. 

Solidification/ Stabilization  Tests. 

Design  of  solidification  or  stabilization  technologies  requires  a  labora¬ 
tory  procedure  to  determine  the  optimum  mix  of  solidification  agent (s)  with 
the  contaminated  dredged  material.  The  test  must  be  able  to  account  for  the 
different  physical  and  chemical  characteristics  of  various  sediments.  Thus 
far  there  Is  no  standard  test  established  to  accomplish  this  task.  Various 
procedures  have  been  used  by  different  laboratories,  but  no  single  recommended 
test  is  available. 


Tests  for  two  separate  design  objectives  might  be  considered.  The  mate¬ 
rial  could  be  mixed  to  achieve  a  desired  strength  or  to  minimize  contaminant 
release.  For  strength,  a  series  of  solidified  samples  using  different  concen¬ 
trations  of  agent (s)  may  be  prepared  and  subjected  to  a  standard  unconfined 
compressive  strength  test  (ASTM  C-109).  For  contaminant  release,  serial 
graded  batch  leaching  tests  may  be  performed  on  various  product  mixes  to 
determine  those  with  minimum  contaminant  release.  An  approach  to  a  standard 
test  method  has  been  presented  in  the  "Evaluation  of  Dredged  Material  Disposal 
Alternatives  for  U.S.  Navy  Homeport  at  Everett,  Washington"  (Palermo  et  al. 
1986). 

Problems  arise  from  the  cost  effectiveness  of  Increasing  the  amount  of 
reagent  to  a  maximum  compressive  strength  or  minimum  contaminant  release. 

Also,  all  contaminants  are  not  affected  equally  by  different  mixes,  so  a 
priority  order  of  contaminants  of  concern  may  be  necessary.  Optimization  of 
reagent  dose,  strength,  contaminant  release,  and  cost  Is  necessary  to  design 
the  system.  The  type  of  batch  leaching  test  and  preparation  of  the  sample 
prior  to  the  batch  leach  test  are  unsettled  questions  for  the  laboratory 
procedures. 

Wastewater  Treatment  Processes. 

Many  of  the  treatment  processes  for  liquid  and  solid  treatment  technolo¬ 
gies  require  bench-scale  testing  to  establish  design  parameters,  particularly 
for  materials  that  have  not  been  previously  subjected  to  these  technologies. 
Dredged  material  in  the  Puget  Sound  area  will  be  saline,  and  the  high  dis¬ 
solved  solids  concentrations  may  Interfere  with  the  performance  of  some  tech¬ 
nologies  that  have  proven  effectiveness  in  freshwater  systems. 
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Protocols  for  these  bench  scale  tests  are  generally  not  standard  methods 
because  of  the  wide  range  of  applicability  of  these  technologies  in  the  public 
and  the  private  or  Industrial  sector.  However,  a  number  of  standard  reference 
textbooks  are  available  that  present  bench-scale  tests  for  most  of  the  tech¬ 
nologies  discussed  In  Part  IV.  Table  7.9  lists  the  technologies  and  bench- 
scale  methods  referenced  to  several  available  texts  or  reports. 

Open-water  Site  Characterization 


Site  Selection  and  Designation. 

As  discussed  In  Part  VI,  at  least  six  considerations  can  be  Identified 
that  are  Important  In  evaluating  just  the  engineering  acceptability  of  a  pro¬ 
posed  open  water  disposal  site  (Truitt  1986)  bathymetry,  average  water  depths, 
currents  (velocity  and  structure),  salinity/temperature  stratifications,  bot¬ 
tom  sediments,  and  operational  requirements. 

Currents.  Current  velocities  may  be  measured  with  various  rotating 
element  current  meters.  A  typical  current  velocity  meter  is  a  Guriy  Model  665 
vertical  axis  cup-type  impeller  meter.  This  meter  may  be  used  in  conjunction 
with  a  magsyne  directional  indicator  to  record  current  direction.  Current 
velocity  and  direction  should  be  measured  at  various  depths  to  record  current 
structure. 

Water  Depths.  Water  depths  may  be  measured  with  lead  lines  or  electronic 
fathometers.  Various  fathometer  sonar  devices  are  available  to  instanta¬ 
neously  record  water  depths. 

Salinity.  Salinity  stratification  may  be  measured  by  retrieving  water 
samples  at  various  depths  and  then  measuring  the  salinity  of  the  samples  or  by 
instantaneously  measuring  the  salinity  using  submersible  probes.  Salinities 
may  be  determined  using  calibrated  specific  conductance  instruments. 

Water  Column  Density  Stratification.  The  stratification  in  the  water 
column  may  be  determined  by  measuring  salinities  and  temperatures  at  various 
depths.  In  this  way  a  density  gradient  may  be  developed  and  the  depth  at 
which  it  occurs  calculated.  Suspended  sediments  at  varying  depths  may  also 
affect  the  density  gradient  and  may  be  measured  by  determining  the  suspended 
solids  in  water  samples. 

Bathymetry.  The  bathymetry  or  bottom  contours  of  a  site  may  be  deter¬ 
mined  using  side  scan  sonar  devices.  Sub-bottom  profilers  may  also  be  used  to 


Unit  Process 

Reference* 

Sedimentation 

4,2 

Screening 

NA 

Hydraulic  classification 

NA 

Spiral  classification 

NA 

Cyclones/hydrocyclones 

NA 

Solidlf icatlon/stabilizatlon 

NA 

Incineration 

NA 

Chemical  clarification 

3 

Filtration 

1,2,5 

Chemical  precipitation 

2 

Chemical  reduction 

NA 

Chemical  oxidation 

NA 

Ion  exchange 

2 

Carbon  adsorption 

1.2 

Biological  treatment 

1.2 

Stripping 

1 

Chlorination 

NA 

Ozonation 

NA 

Distillation 

NA 

Electrodialysis 

NA 

Reverse  osmosis 

NA 

*  Testing  procedure  references: 

1.  Adams,  Carl  E.,  Jr.,  and  Eckenfelder,  W.  Wesley,  Jr.  1974.  Process 
Design  Techniques  for  Industrial  Waste  Treatment,  EnviroPress,  Nashville,  TN. 

2.  Eckenfelder,  W.  W.  and  Ford,  D.  L.  1970.  Water  Pollution  Control; 
Experimental  Procedures  for  Process  Design,  Jenkins,  Austin,  TX. 

3.  Schroeder,  Paul  R.  1983.  "Chemical  Clarification  Methods  for  Confined 
Dredged  Material  Disposal,"  Technical  Report  D-83-2,  U.S.  Army  Engineer  Water 
ways  Experiment  Station,  CE,  Vicksburg,  MS. 

4.  Palermo,  Michael  R. ,  Montgomery,  Raymond  L.,  and  Poindexter,  Marian  E. 
1978.  "Guidelines  for  Designing,  Operating,  and  Managing  Dredged  Material 
Containment  Areas,"  Technical  Report  DS-78-10,  U.S.  Army  Engineer  Waterways 
Experiment  Station,  CE,  Vicksburg,  MS. 


5.  USEPA.  1982.  "Design  Manual:  Dewatering  Municipal  Wastewater  Sludges," 
Technology  Transfer,  EPA-625/1-82-014,  USEPA,  Center  for  Environmental 
Research  Information,  Cincinnati,  OH. 


determine  the  nature  of  the  material  below  the  bottom  If  excavation  of  a  con¬ 
fined  open  water  disposal  site  Is  being  considered. 

Bottom  Sediments.  A  variety  of  samplers  are  available  to  sample  bottom 
sediments.  Corers  and  grab  samplers  are  useful  for  sediment  sampling.  In 
general,  equipment  of  simple  construction  Is  preferred  due  to  ease  of  opera¬ 
tion  and  maintenance  plus  lower  expense. 

Dispersion  and  Mixing.  The  elevated  suspended  solids  levels  and  elevated 
chemical  concentrations  resulting  from  open  water  disposal  of  dredged  material 
can  be  estimated  by  predictive  testing.  The  discharge  is  usually  rapidly 
diluted  following  disposal  therefore  the  expected  dilution  should  be  estimated 
by  calculation  of  a  mixing  zone  surrounding  the  release  zone  and  the  resulting 
concentrations  compared  to  water  quality  criteria  or  standards. 

Contaminant  Release  Studies  for  Open-water  Sites 

Evaluation  of  General  Aquatic  Impacts 

Highly  contaminated  dredged  material  placed  in  an  aquatic  environment  has 
a  conceptual  potential  for  impacts  due  to  release  of  contaminants  into  the 
water  column  during  disposal,  although  this  potential  has  rarely  been  realized 
In  practice.  Because  dredged  material  placed  In  open-water  sites  remains 
anaerobic  and  near  neutral  In  pH,  contaminant  mobility  at  the  disposal  site 
will  be  similar  to  that  occurring  at  the  dredging  site.  There  is  also  a 
potential  for  physical  effects  on  benthic  organisms  and  for  long-term  toxicity 
and/or  bioaccumulation  of  contaminants  from  the  dredged  material.  These  bio¬ 
logical  effects  are  best  determined  at  present  by  site-specific  bloassays. 
Potential  Impacts  on  health  of  operating  crews  would  be  a  rare  occurrence  and 
beyond  the  scope  of  this  document,  but  should  be  evaluated  when  considered 
appropriate. 

Evaluation  of  Water  Column  Impacts 

The  standard  elutriate  test  (EPA/CE  1977)  is  appropriate  for  evaluating 
the  potential  for  dredged  material  disposal  to  Impact  the  water  column.  Since 
this  test  Includes  contaminants  in  both  the  interstitial  water  and  the  loosely 
bound  (easily  exchangeable)  fraction  in  the  sediment,  it  approximates  the 
fractions  of  chemical  constituents  that  are  potentially  available  for  release 
to  the  water  column  when  sediments  are  dredged  and  disposed  through  the  water 
column.  The  standard  elutriate  Is  prepared  by  mixing  the  sediment  and 
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dredging  site  water  in  a  volumetric  sedlment-to-water  ratio  of  1:A.  Mixed  with 
agitation  and  vigorous  aeration  for  30  min,  it  Is  then  allowed  to  settle  for 
1  hr.  The  supernatant  Is  then  centrifuged  and/or  filtered  to  remove  particu¬ 
lates  prior  to  chemical  analysis.  This  procedure  Is  followed  because  the 
water-quality  criteria  apply  only  to  dissolved  contaminants  and  chemical  anal¬ 
yses  of  an  unfiltered  water  sample  cannot  identify  the  bloavallable  fraction 
of  sediment-sorbed  contaminants.  A  detailed  description  of  the  procedure, 
Including  sample  preparation.  Is  provided  In  Appendix  A. 

Chemical  evaluation.  Water-column  Impacts  of  dredged  material  may  be 
evaluated  either  as  described  In  this  paragraph  or  as  specified  In  the  follow¬ 
ing  paragraph,  depending  on  the  situation.  Where  the  initial  evaluation  iden¬ 
tifies  concern  about  the  presence  of  specific  contaminants  that  may  be 
released  In  soluble  form,  the  standard  elutriate  may  be  analyzed  chemically 
and  the  results  evaluated  by  comparison  to  water-quality  criteria  for  those 
contaminants  after  allowance  for  mixing  at  the  disposal  site.  This  provides 
an  Indirect  evaluation  of  potential  biological  Impacts  of  the  dissolved  con¬ 
taminants  since  the  water-quality  criteria  were  derived  from  bioassays  of 
solutions  of  the  various  contaminants.  Chemical  analyses  of  the  standard  elu¬ 
triate  are  quantitatively  Interpretable  in  terms  of  potential  Impact  only  for 
chose  contaminants  for  which  specific  water-quality  criteria  have  been 
established. 

Biological  evaluation.  If  the  water-quality  criteria  approach  is  not 
taken,  the  potential  for  water-column  Impacts  must  be  evaluated  by  bioassays, 
with  consideration  given  to  mixing.  An  aquatic  bloassay  should  also  be  used 
to  determine  the  potential  Interactions  among  multiple  contaminants.  In  this 
way  elutriate  bloassays  can  aid  In  evaluating  the  Importance  of  dissolved 
chemical  constituents  released  from  the  sediment  during  disposal  operations. 

The  standard  elutriate  is  prepared  Just  as  for  chemical  use,  but  the  filtrate 
is  used  as  a  bloassay  test  solution  rather  than  for  chemical  analysis.  A 
series  of  experimental  treatments  and  controls  are  established  using  graded 
dilutions  of  the  elutriate.  The  test  organisms  are  added  to  the  test  chambers 
and  exposed  under  standard  conditions  for  a  prescribed  period  of  time.  The 
surviving  organisms  are  examined  at  appropriate  intervals  to  determine  if  the 
test  solution  Is  producing  an  effect.  Any  bloassay  protocol  designed  for  use 
with  solutions  can  be  used  by  substituting  the  standard  elutriate  for  the 
original  solution.  A  useful  general  protocol  Is  presented  In  EPA/CE  (1977). 


7.36 


I 


>r.' 


Mixing.  All  data  from  chemical  analyses  and  bioassays  of  the  standard 
elutriate  must  be  Interpreted  in  light  of  mixing.  This  is  necessary  since 
biological  effects  (which  are  the  basis  for  water-quality  criteria)  are  a 
function  of  biologically  available  contaminant  concentration  and  exposure  time 
of  the  organism.  In  the  field  both  concentration  and  time  of  exposure  to  a 
particular  concentration  change  continuously.  Since  both  factors  will  influ¬ 
ence  the  degree  of  biological  impact,  it  is  necessary  to  incorporate  the  mix¬ 
ing  expected  at  the  disposal  site  in  the  interpretation  of  both  chemical  and 
biological  data.  An  example  of  a  quantitative  approach  to  a  mixing  zone  is 
presented  in  the  "Decisionmaking  Framework"  (Lee  et  al.  1985,  Peddicord  et  al. 
1986). 

Benthic .  It  is  generally  felt  that  if  a  dredged  material  is  going  to 
have  an  environmental  impact,  the  greater  potential  for  impact  lies  with  the 
deposited  sediment  at  the  disposal  site.  This  is  because  it  is  not  mixed  and 
dispersed  as  rapidly  or  as  greatly  as  the  dissolved  material;  most  contami¬ 
nants  remain  associated  with  the  particulates;  and  bottom-dwelling  animals 
live  and  feed  in  and  on  the  deposited  material  for  extended  periods.  There¬ 
fore,  the  major  evaluative  efforts  should  be  placed  on  the  deposited  material. 
No  chemical  procedures  exist  that  will  determine  the  environmental  activity 
of  any  contaminants  or  combination  of  contaminants  present  in  the  solid  phase 
of  dredged  material.  Therefore,  animals  are  used  in  a  bloassay  to  provide  a 
measurement  of  environmental  activity  of  the  chemicals  found  in  the  material. 

Chemical  analysis  can,  however,  serve  to  identify  contaminants  of  poten¬ 
tial  concern  present  in  the  sediment  and  their  presence  in  high  or  low  concen¬ 
tration.  In  the  case  of  neutral  organic  chemicals  that  are  persistent  and 
common  contaminants  of  sediments,  chemical  analyses  can  provide  the  informa¬ 
tion  necessary  for  an  estimation  of  the  maximum  levels  that  could  be  reached 
in  the  tissues  of  exposed  organisms  for  which  the  sediments  provide  the  only 
source  of  contamination  (McFarland  1984,  McFarland  and  Clark  1986).  In  sum¬ 
mary  potential  impacts  are  best  evaluated  by  a  combined  consideration  of  total 
or  bulk  chemical  analyses  of  sediment  and  toxic ity/bioaccumulation  test(s)  to 
determine  their  bioavailability. 


7.37 


,N 


Tests  for  Control/Treatment  Technology  Design 
for  Open  Water  Sites 


Capping  Effectiveness 

Laboratory  studies  to  assess  the  medium-term  (40  days)  effectiveness  of 
various  cap  materials  In  isolating  a  contaminated  sediment  from  clams  and 
polychaetes  have  been  conducted  in  large  (250  £)  flow-through  reactor  units. 
The  ability  of  capping  materials  to  chemically  seal  contaminated  dredged  mate¬ 
rial  containing  relatively  mobile  and  oxygen-demanding  constituents  from  over- 
lying  water  has  been  determined  in  small  (22.6  2.)  reactor  units.  Both  of 
these  procedures  are  presented  in  detail  in  "Effectiveness  of  Capping  in  Iso¬ 
lating  Contaminated  Dredged  Material  from  Biota  and  the  Overlying  Water" 
(Brannon  et  al.  1985). 

Volume  Determinations 


Procedures  for  determining  the  volumes  for  restricted  open  water  disposal 
sites  are  under  investigation  at  the  present  time.  Also  models  to  predict  the 
degree  of  sediment  spread  on  the  bottom  and  the  portion  of  the  total  sediment 
disposed  that  will  remain  in  the  water  column  have  been  developed  for  a  one 
dump  scenario  only  (Holliday  et  ai.  1978). 


PART  VIII:  PROVEN  OR  DEMONSTRABLE  TECHNOLOGIES 


Background 

The  purpose  of  this  part  of  the  report  is  to  review  the  technologies  that 
have  been  previously  presented  and  to  select  those  technologies  that  could  be 
recommended  for  actual  Implementation  at  the  field  level.  The  basis  for  this 
selection  is  previous  field  applications,  adequate  design  information  and 
performance  data  from  similar  applications  of  the  technology,  and  reasonable 
cost  effectiveness.  To  facilitate  this  evaluation,  the  technologies  discussed 
in  Parts  II  through  VI  are  described  by  the  following  classifications: 

a.  Proven:  Technologies  that  have  been  applied  to  the  dredging  Industry 
or  other  Industries  for  treatment  or  control  of  contaminated  wastes 
or  materials. 

b.  Field  Demonstrated:  Technologies  that  have  been  applied  to  a  dredg¬ 
ing  operation,  either  on  a  pilot  scale  or  full  scale,  for  control  or 
treatment  of  contaminated  sediment. 

c.  Demonstrable :  Technologies  that  could  be  considered  for  field  demon¬ 
stration  in  a  dredging  scenario  on  a  pilot  or  full  scale  without  the 
need  for  additional  process  development.  (This  does  not  alleviate 
the  need  for  laboratory  and  engineering  studies  to  design  and 
implement  the  technology.) 

d.  Conceptual ;  Technologies  that  in  theory  would  treat,  control,  or 
destroy  dredged  material  contaminants,  but  are  unlikely  choices 
because  of  obvious  intensive  equipment  requirements,  operational 
problems,  or  unreasonable  costs. 

Most  of  the  technologies  that  have  been  included  in  this  report  can  be 
considered  proven  technologies  for  control  or  treatment  of  contaminated  mate¬ 
rials.  Exceptions  to  this  premise  are  some  of  the  controls  for  restricted 
open-water  disposal  that  are  specifically  intended  for  the  dredging  industry 
and  have  not  been  fully  developed.  Examples  of  unproven  technologies  are 
diffusers,  downpipes,  and  capping  technologies  in  the  deep-water  sites 
characteristic  of  Puget  Sound.  Conceptual  technologies  include  most  of  the 
advanced  liquid  treatment  processes  and  contaminant  destruction  for  dredged 
material  slurries  or  solids  by  incineration  or  other  technologies.  Table  8.1 
lists  the  technologies  and  their  respective  classification.  Note  that  proven 


Table  8.1 

Status  of  Application  of  Control/Treatment  TechnoloKies 


Technolo 


Controls  During  Dredgint 


Dredge  selection 
Barriers 

Operational  controls 

Controls  During  Transport 

Hopper  dredges 
Specialized  barges 
Pipeline  controls 
Pump  controls 
Route/navigation  controls 
Loading/unloading  controls 
Truck  transport 
Rail  transport 


Proven  Demonstrated  Demonstrable  Conceptual 


Restricted  Open-Water  Disposal 

Submerged  diffuser 
Gravity-fed  downpipe 
Hopper  dredge  pump  down 
Solidif feat ion/stabilization 
Capping 

Lateral  confinement 
Restricted  Upland  Disposal 
Covers 

Surface  sediment  stabilization 
Liners  (synthetic) 

Liners  (soil) 

Slurry  walls 
Surface-water  controls 
Subsurface  drainage 
Ground-water  pumping 
Sheet  piling 
Site  security 

Settling  basins 
Stationary  screens  and  sieves 
Moving  screens 
Hydraulic  classifiers 
Spiral  classifiers 
Cyclones  and  hydrocyclones 
So lidificat ion /stabilization 


(Continued) 


Table  8,1  (Continued) 


Technology _  Proven  Demonstrated  Demonstrable  Conceptual 


Rotary-kiln  incineration  X 

Multiple-hearth  Incineration  X 

Fluidized-bed  incineration  X 

Extraction  X 

Immobilization  X 

Degradation  X 

Attenuation  X 

Chemically-assisted  X 

clarification  X 

Filtration  X 

Chemical  precipitation  X 


Carbon  adsorption  (metals) 

Chemical  reduction 
Chemical  oxidation 
Ion  exchange 

X 

Carbon  adsorption  (organics) 
Biological  treatment 
Stripping 

Chlorination 

Ozonation 

Distillation 
Electrodialysis 
Reverse  osmosis 


Restricted  Nearshore  Disposal 

X 

Covers  X 

Surface-sediment  stabilization  X 

Liners  (synthetic)  X 

Liners  (soil)  X 

Slurry  walls  X 


Surface-water  controls 
Subsurface  drainage 
Ground-water  pumping 

X 


Sheet  piling  X 

Site  security 

X 

Settling  basins  X 

Stationary  screens  and  sieves  X 

Moving  screens  X 


X 

X 


X 


X 


(Continued) 


X 


X 


X 

X 

X 

X 

X 


X 

X 


X  X  X  XX  X  X  X  X  X  X  X  X  X  X  X  xxxxxxx 
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Table  8.1  (Concluded) 


Technology 

Proven 

Demonstrated 

Demonstrable 

Conceptual 

Hydraulic  classifiers 

X 

X 

Spiral  classifiers 

Cyclones  and  Hydrocyclones 

X 

X 

Solidif ication/stabilization 

X 

X 

Rotary-kiln  incineration 

X 

X 

Multiple-hearth  incineration 

X 

X 

Fluidized-bed  incineration 

X 

X 

Extraction 

X 

X 

Immobilization 

X 

X 

Degradation 

X 

X 

Attenuation 

X 

X 

Chemically-assisted 

X 

X 

clarification 

X 

X 

Filtration 

X 

X 

Chemical  precipitation 

X 

X 

Carbon  adsorption  (metals) 

X 

X 

Chemical  reduction 

X 

X 

Chemical  oxidation 

X 

X 

Ion  exchange 

X 

X 

Carbon  adsorption  (organics) 

X 

X 

Biological  treatment 

X 

X 

Stripping 

X 

X 

Chlorination 

X 

X 

Ozonation 

X 

X 

Distillation 

X 

X 

Electrodialysis 

X 

X 

Reverse  osmosis 

'.y 
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technologies  have  a  second  classification  additional  to  proven.  Technologies 
that  have  been  field  demonstrated  or  are  demonstrable  are  dlscusied  further  in 
the  paragraphs  below. 


Field-Demonstrated  Technologies 
Controls  During  Dredging  Operations 

Technologies  for  control  of  sediment  resuspension  during  dredging  opera¬ 
tions  have  been,  for  the  most  part,  field  demonstrated.  The  various  types  of 
dredges  discussed  in  Part  II  have  been  employed  in  field  applications  either 
in  the  U.S.  or  in  other  countries  such  as  Japan  or  The  Netherlands.  Reduc¬ 
tions  in  sediment  resuspension  using  Innovative  equipment,  barriers,  and  oper¬ 
ational  controls  have  been  demonstrated.  While  it  is  assumed  that  reductions 
in  contaminants  are  proportional  to  reductions  in  suspended  sediment,  chemical 
contaminant  data  that  indlcat'  benefits  of  these  controls  in  reducing  contami¬ 
nant  release  are  limited. 

During  the  period  15-30  October  1985,  a  demonstration  of  innovative 
dredging  equipment  and  techniques  took  place  in  Calumet  Harbor,  IL.  The  study 
was  a  cooperative  effort  among  USAE  Division,  North  Central;  USAE  District, 
Chicago;  and  WES.  Three  principal  objectives  were  addressed  in  the  demonstra¬ 
tion:  evaluation  of  a  matchbox  suction  dredge  head;  use  of  the  submerged 

diffuser  for  placement  of  dredged  material;  and  operation  of  a  conventional 
cutter  suction  dredge  over  a  range  of  operational  parameters  to  investigate 
its  resuspension  characteristics.  Considerable  data  collection  took  place  on 
the  operation  of  the  equipment  and  suspended  solids  levels  in  the  water  column 
during  the  demonstration.  Background  information  for  the  matchbox  and  cutter- 
head  operation  objectives  is  presented  below  based  on  field  observations  and 
without  benefit  of  analysis  of  the  data. 

Matchbox  Dredge  Head.  A  matchbox  head  was  fabricated  and  fitted  to  the 
ladder  of  the  12-ln.  hydraulic  dredge  "Dubuque"  for  the  demonstration.  It 
should  be  noted  that  the  design  and  fabrication  costs  were  necessary  because 
direct  scaling  of  existing  heads/plans  is  not  possible  for  a  pure  suction  sys¬ 
tem.  The  cross-sectional  areas  of  the  faces  that  produce  the  material  to  the 
suction  must  be  compatible  with  the  specific  dredge's  capability  to  swing  into 
the  sediment  and  with  its  pumping  ranges.  The  dredge  was  able  to  swing  the 
matchbox  through  the  Calumet  sediment  (organic  sandy  silt),  and  no  significant 
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operational  problems  were  encountered.  Digging  depth  at  the  site  was  30  to 
32  ft  and  disposal  took  place  through  a  floating  pipeline  typically  400  to 
800  ft  long  into  an  adjoining  confined  disposal  facility.  Slurry  concentra¬ 
tions  in  the  pipeline  varied  during  a  typical  swing  sequence,  but  at  their 
peak  were  higher  than  the  conventional  cutter  head  in  the  same  material. 
Different  swing  speeds  were  investigated  to  optimize  the  production.  Discrete 
water  samples  for  TSS  analysis  were  taken  from  points  on  the  ladder  and  at 
stations  throughout  the  entire  waterway.  Results  are  not  available,  but  no 
surface  turbidity  plume  was  visually  noticeable  during  the  operation. 

Cutter  Head  Operation.  Following  the  matchbox  demonstration,  the  normal 
cutter  head  was  re-fitted  on  the  "Dubuque,”  and  studies  were  focused  on  the 
effects  on  resuspension  in  the  dredging  area  produced  by  variations  in  opera¬ 
tion.  Combinations  of  cutter  rotation  speed  and  swing  speed  were  used  over 
several  days  of  dredging  while  water  samples  were  taken  from  the  waterways  for 
TSS  analysis. 

Silt  Curtains.  Silt  curtains  have  been  used  for  a  number  of  applications 
and  can  be  considered  to  be  field  demonstrated.  JBF  (1978)  performed  analyti¬ 
cal  studies  and  field  measurements  on  actual  silt  curtain  operations.  A  silt 
curtain  that  is  properly  deployed  and  maintained  provides  a  mechanism  for  con¬ 
trolling  the  dispersion  of  turbid  water  by  diverting  its  flow  under  the  cur¬ 
tain.  The  effectiveness  of  the  silt  curtain  depends  on  the  nature  of  the 
operation;  the  characteristics  of  the  material  in  suspension;  the  type,  condi¬ 
tion,  and  deployment  of  the  silt  curtain;  the  configuration  of  the  enclosure; 
and  the  hydrodynamic  regime  present  at  the  site.  Johanson  (1976)  reported 
that  polymeric  sheets  strengthened  with  woven  reinforcement  have  been  used 
successfully  in  dredging  operations  as  well  as  in  other  situations  requiring 
containment  of  toxic  materials. 

Controls  During  Material  Transport 

Projects  requiring  special  handling  to  prevent  release  of  toxic  sub¬ 
stances  during  material  transport  have  not  been  widely  documented.  Precau¬ 
tions  have  likely  been  considered  as  standard  operation  procedures  when 
dealing  with  hazardous  substances.  Such  controls  are  of  a  preventive  nature, 
and  their  need  surfaces  when  there  is  a  failure  within  the  transport  system. 
Control/Treatment  for  Restricted  Open-Water  Sites 

Submerged  diffusers  have  been  successfully  field  tested  in  the  Nether¬ 
lands  at  Rotterdam  Harbor  and  as  part  of  a  recent  equipment  demonstration 


project  at  Calumet  Harbor.  A  brief  description  of  the  Calumet  project  is 
given  below. 

Calumet  Submerged  Diffuser.  A  radially  divergent  diffuser  section  was 
fabricated  based  on  designs  suggested  in  WES  DMRP  publications  and  was  oper¬ 
ated  during  the  demonstration.  Disposal  using  the  diffuser  took  place  into 
the  CDF  also,  in  order  to  ensure  a  controlled  hydrodynamic  environment  for  the 
study.  A  portion  of  the  CDF  having  water  depths  on  the  order  of  25  to  30  ft 
was  used.  The  diffuser  was  suspended  approximately  3  ft  off  the  bottom  by 
cable  from  a  support  barge  placed  in  the  CDF.  The  connection  to  the  pipeline 
was  made  using  seamless,  flexible  plastic  dredge  pipe.  Clear  water  was  ini¬ 
tially  pumped  through  the  pipeline  to  establish  background  suspended  solids 
levels  in  the  CDF  prior  to  actual  dredging.  TSS  samples  were  taken  from  a 
point  on  the  pipe  directly  (3  ft)  above  the  diffuser  and  from  a  depth  series 
approximately  25  ft  away  from  the  diffuser.  Velocity  meters  were  mounted 
directly  in  the  exit  path  on  the  diffuser  and  at  the  station  25  ft  away. 

Data  analysis  for  the  Calumet  study  is  in  progress  and  firm  conclusions 
are  not  available.  However,  the  preliminary  indications  are  that  the  diffuser 
performed  as  expected  and  exit  velocities  were  on  the  order  of  25  to  40  per¬ 
cent  of  the  discharge  pipeline  velocity.  Material  exiting  the  diffuser 
appeared  to  remain  confined  to  the  bottom  3  to  4  ft  of  the  water  column.  No 
Increase  in  water  velocity  above  this  point  was  noted  at  the  25-ft  station  and 
water  samples  taken  at  the  diffuser  and  in  the  mid  to  upper  water  column 
showed  no  visible  turbidity. 

Capping.  Successful  capping  has  been  demonstrated  in  Long  Island  Sound 
and  New  York  Bight  as  discussed  in  Part  VI.  The  capping  technology  has 
received  much  attention  and  is  reasonably  well  developed.  However,  how  to 
place  sediment  and  capping  material  in  deep  water  has  not  been  demonstrated. 


Field-demonstrated  control  or  treatment  technologies  for  upland  sites 
have  been  associated  primarily  with  design  and  operation  of  the  confined  dis¬ 
posal  facility.  Procedures  developed  during  the  DMRP  are  summarized  in  Tech¬ 
nical  Report  DS  78-10,  "Guidelines  for  Designing,  Operating,  and  Managing 
Dredged  Material  Containment  Areas — Synthesis  Report"  (Palermo  et  al.  1978). 
These  guidelines  summarize  field  studies  that  demonstrated  storage  and  reten¬ 
tion  of  dredged  material  solids  in  a  diked  containment  area.  These  studies 
confirmed  application  of  sedimentation  technology  to  dredged  material  slurry. 


Palermo  (1984)  showed  that  chemical  quality  of  CDF  effluent  could  be  predicted 
by  column  settling  tests  and  the  modified  elutriate  test.  Palermo  et  al. 
(1981)  applied  guidelines  developed  per  containment  area  design  to  a  manage¬ 
ment  plan  for  Craney  Island  Disposal  Area. 

Another  upland  treatment  technology  that  has  been  field  demonstrated  Is 
chemical  clarification.  Jones  et  al.  (1978)  conducted  pilot-plant  tests  to 
study  the  efficiency  of  polyelectrolyte  coagulation  of  overflow  from  a  dredged 
material  CDF  and  evaluated  pipeline  Injection  of  polymers  into  a  full-scale 
hydraulic  dredge  pipeline.  Results  of  the  pilot-plant  studies  were  favorable 
whereas  pipeline  injection  was  not  effective.  Schroeder  (1983)  used  three 
field  demonstrations  to  show  the  effectiveness  of  chemical  clarification  for 
removing  suspended  solids  from  CDF  effluent.  The  field  sites  were  all  fresh¬ 
water  sites.  Chemical  clarification  of  saltwater  sites  is  generally  less 
advantageous  because  of  the  flocculating  effect  of  dissolved  ions  in  sea 
water . 

Dewatering  technology  has  been  field  demonstrated.  DMRP  results  are  sum¬ 
marized  by  Hallburton  (1978).  Filtering  systems  for  dredged  material  contain¬ 
ment  facilities  have  been  studied  on  a  laboratory  scale  (Krizek  et  al.  1976). 
Vacuum  filtration  has  also  shown  to  be  effective  on  a  laboratory  sctle  (Long 
et  al.  1978). 

Most  field  demonstrations  for  dredged  material  have  focused  on  solids 
removal  and  dewatering.  Studies  to  verify  the  effectiveness  of  these  and 
other  treatment  technologies  on  contaminated  sediment  are  generally  not  in  the 
literature . 

Control/Treatment  for  Nearshore  Sites 

Most  of  the  technologies  discussed  above  for  upland  sites  are  applicable 
to  nearshore  sites.  Dewatering  in  a  nearshore  environment  would  be  inappro¬ 
priate  or  require  different  strategies  than  dewatering  an  upland  site. 

Field  demonstration  of  placing  contaminated  sediment  in  a  nearshore  site 
is  currently  being  evaluated  in  the  Port  of  Seattle  Terminal  91  Short  Fill 
study.  This  study  seeks  to  limit  mobility  of  contaminants  by  maintaining  the 
sediment  in  an  anoxic  saturated  environment.  The  site  is  being  monitored  for 
detection  of  any  contaminant  release  that  occurs.  If  criteria  are  violated, 
an  already  developed  remedial  action  plan  will  be  implemented  (Hotchkiss  and 
Watson  1985) . 


Demonstrable  Technologies 

Controls  During  Dredging  Operations 

Technologies  that  are  candidates  for  demonstration  and  evaluation  in 
Puget  Sound  are  innovative  dredging  systems.  Use  of  the  matchbox  suction  head 
and  the  closed-bucket  clamshell  should  be  high  priority  systems. 

Controls  During  Transport 

Unique  technologies  for  safety  during  material  transport  are  not  avail¬ 
able.  However,  other  demonstration  projects  could  include,  as  an  objective, 
development  of  a  contingency  plan  for  remedial  action  should  failure  of  the 
transport  system  occur. 

Control/Treatment  for  Open-Water  Sites 

Potential  demonstrations  for  restricted  open-water  disposal  in  Puget 
Sound  should  focus  on  the  engineering  problems  associated  with  placing  mate¬ 
rial  in  deep-water  sites.  Submerged  diffusers  and/or  downplpes  are  technolo¬ 
gies  that,  if  successful,  would  benefit  the  PSDDA  program.  Another  promising 
technology  proposed  for  demonstration  is  stabilization/solidification  of 
dredged  material  or  physical  separation  of  contaminants  prior  to  open-water 
disposal. 

Controls/Treatment  for  Upland  Sites 

Ludwig  et  al.  (1985)  proposed  four  strategies  for  implementation  of 
solidification/stabilization  technology  to  dredged  material.  Three  of  these 
deal  with  upland  sites  and  the  fourth  with  open-water  sites.  The  three  upland 
strategies  that  could  be  considered  for  demonstration  in  Puget  Sound  are 
described  below: 

STRATEGY  A.  Hydraulic  Dredging  with  Disposal  into  a  Confined  Disposal 
Facility  (CDF)  (Figure  8.1). 

-  Excavate  contaminated  sludge  with  a  hopper  or  pipeline  dredge. 
An  Improved  suction  head  design  to  limit  draghead  turbulence  is 
used  and  no  overflow  is  allowed  if  a  hopper  dredge  is  used. 

-  Utilize  silt  curtains  to  contain  turbulence  within  the  con¬ 
taminated  region. 

-  Employ  pipeline  injection  of  coagulant  during  discharge  into 
the  CDF. 

-  Hasten  dewatering  with  wicks,  trenching,  and  sand  overburden. 
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carbon  treatment  as  necessary 


Figure  8.1. 


Conceptual  sketch  of  confined  disposal  facility  for  physical 
solidification/consolidation  of  toxic  dredged  material 
(Ludwig  et  al.  1985) 
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-  Control  effluent  overflow  by  chemical  or  activated  carbon 
treatment . 

-  Cap  as  necessary. 

STRATEGY  B.  Mechanical  Dredging  with  Chemical  Stabilization  in  a  Confined 

Disposal  Facility  (Fig.  8.2). 

-  Clamshell  dredge  using  silt  curtains. 

-  Transport  to  prepared  containment  site  via  barge. 

-  Clamshell  discharge  into  facility. 

-  Mix  with  cement  in  situ. 

-  Cover  with  clean  material. 

STRATEGY  C.  Upland  Disposal 

-  Clamshell  dredge  into  barge  using  silt  curtains. 

-  Mix  sludge  and  cement  in  barge  enroute  to  discharge  point 
(Fig.  8.3). 

-  Offload  mixture  onto  dump  trucks. 

-  Deposit  in  an  upland  disposal  site  as  landfill. 

-  Cap  wl^h  clean  material. 

Selected  elements  of  these  strategies  may  apply  depending  on  the  degree 
of  contamination  and  environmental  concerns. 

Another  technology  that  has  been  discussed  but  not  actually  implemented 
in  the  field  is  the  layering  concept  for  contaminated  dredged  material.  This 
technology  could  be  included  as  an  element  of  an  overall  demonstration  of  man¬ 
agement  of  an  upland  site  to  contain  pollutants  in  a  contaminated  sediment. 
Other  elements  could  include  solids  retention  during  filling,  dewatering  the 
contaminated  dredged  material,  placement  of  layer (s)  of  clean  material  above 
and/or  below  the  contaminated  material,  and  a  final  cover  that  has  an  imperme¬ 
able  layer  and  a  vegetative  layer. 

An  operational  technique  recommended  for  demonstration  is  the  use  of 
hydrocyclones  for  classifying  dredged  material  into  coarse-  and  fine-grained 
fractions.  The  presumption  is  that  the  coarse  material  would  be  relatively 
uncontaminated  and  contaminants  would  be  tied  to  the  finer  particles.  By 
segregating  the  two  fractions,  control  measures  would  be  necessary  for  a 
smaller  volume.  Tiederman  and  Reischman  (1973)  performed  a  feasibility  study 
of  hydrocyclone  systems  for  dredge  operations  and  concluded  that  sand  could  be 
recovered  from  dredged  material  using  a  hydrocyclone.  Dutch  investigators 
(Van  Der  Burgt  1985)  evaluated  applicability  of  the  hydrocyclone  to 


8.11 
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Sheet  pile  walls 


limited  to  reoch  of  clam  shell 
derrick  from  either  side 


Figure  8.2.  Conceptual  sketch  of  confined  containment  facility  for  chemical 
solidification  of  toxic  dredged  material  (Ludwig  et  al.  1985) 
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storage  for  dry  solidification  agent 
(Includes  mechanism  for  looding 
dispensing  unit) 


Gosoline  generator 
provides  power 
for  wheeis 
(or  cogwheels) 


Dispensing  unit 
gravity  operoted 

Control  unit 

Stationary  mixing  blades 
to  mix  dispensed  agent  as  unit 
moves  from  one  end 
to  another 


Roiis  mounted  on  bulkheads 
to  facilitate  movement  of  mechanism 


Figure  8.3.  Conceptual  sketch  of  barge  fitted  with  mechanism  for  plant 
mixing  of  contaminated  dredged  material  during  transit 
(Ludwig  et  al.  1985) 


PART  IX:  STRATEGY  FOR  SELECTION  OF  DREDGING/CONTROL/TREATMENT  ALTERNATIVES 


Background 


Prior  parts  of  this  report  have  concentrated  on  the  technical  aspects  of 
various  control/treatment  technologies  that  can  be  Implemented  to  reduce  or 
eliminate  the  release  of  contaminants  during  the  three  phases  of  a  dredging 
project.  This  part  describes  a  strategy  (Dredged  Material  Alternative  Selec¬ 
tion  Strategy  or  DMASS)  for  selecting  appropriate  control /treatment  alterna¬ 
tives  for  site  specific  contaminant  release  problems.  The  DMASS  is  intended 
to  provide  a  generic  approach  to  the  solution  of  the  problem,  yet  provide  as 
much  detail  as  possible  to  guide  decisionmakers  through  the  process  of  formu¬ 
lating  and  choosing  an  appropriate  dredging/transportation/disposal  alterna¬ 
tive.  Since  decisionmakers  In  different  localities  may  stress  different 
criteria  and  use  different  analyses,  the  strategy  specifies  where  these  local 
decisions  should  be  made. 

The  DMASS  Is  described  In  sequential  order  In  the  following  sections, 
beginning  with  a  general  overview  of  the  strategy  followed  by  a  description  of 
the  strategy,  which  comprises  five  subsections,  each  providing  a  detailed 
description  of  the  sequence  followed  within  each  major  phase  of  the  DMASS  pro¬ 
cess.  Following  the  detailed  description,  an  example  application  of  the  DMASS 
is  presented.  Prior  to  the  detailed  presentations,  however,  some  additional 
background  Information  concerning  development  of  the  DMASS  is  provided. 
Integration  with  Previous  Studies 

Franclngues  et  al.  (1985)  presented  a  general  management  strategy  for  the 
disposal  of  contaminated  dredged  material.  The  general  management  strategy, 
which  Is  the  basis  for  a  logical  assessment  of  contaminated  dredged  material 
and  proper  disposal  techniques.  Is  presented  in  Fig.  9.1.  The  flowchart  has 
two  major  components:  (1)  evaluation  of  the  dredged  material  to  determine  if 
restrictions  are  necessary  and  (2)  determination  of  appropriate  dredging/ 
transportation/disposal  options.  Lee  et  al.  (1985)  and  Peddlcord  et  al. 

(1986)  present  a  detailed  decisionmaking  framework  (DMF)  for  determining  the 
necessity  of  restrictions  during  dredging/transportatlon/dlsposal  of  dredged 
material.  The  DMASS  expands  the  second  part  of  the  management  strategy  to 
provide  detailed  guidance  on  the  evaluation  of  various  dredging/ 
transportation/disposal  alternatives  so  that  a  logical  selection  can  be  made. 

9.1 


The  starting  point  of  the  DMASS  is  the  presumption  that  the  materials  to 
be  dredged  are  contaminated  to  such  an  extent  that  dredging/transportation/ 
disposal  restrictions  will  be  necessary  to  prevent  adverse  environmental 
Impacts.  This  presumption  la  based  on  the  techniques  presented  in  the  DMF 
(Lee  et  al.  1985,  Peddicord  et  al.  1986).  Once  the  initial  presumption  of 
contamination  impacts  is  made,  the  DMASS  provides  a  methodology  for  selecting 
the  potential  alternatives  capable  of  providing  the  appropriate  level  of 
environmental  protection. 

Unfortunately,  there  is  no  distinct  dividing  line  between  the  contaminant 
analyses  and  disposal  alternative  selection  portions  of  the  ge-neral  flowchart. 
The  fact  that  restrictions  are  needed  may  result  from  a  particular  problem 
that  would  suggest  a  particular  solution.  For  example,  excessive  resuspension 
during  dredging  would  suggest  some  sort  of  control  during  the  dredging  phase, 
but  not  necessarily  any  further  controls.  In  addition,  detailed  analysis 
during  assessment  of  dredging/transportation/disposal  alternatives  might  show 
that  special  restrictions  are  not  necessary  when  considering  a  specific  loca¬ 
tion.  The  opposite  might  also  be  true;  restrictions  greater  than  initially 
thought  might  be  necessary  for  environmentally  sensitive  dredging  or  disposal 
sites.  In  these  cases,  reassessment  of  the  type  of  contamination,  in  con¬ 
junction  with  certain  types  of  dredging/transportation/disposal  alternatives 
and  certain  locations,  might  be  necessary.  In  other  words,  the  decisionmaker 
would  need  to  loop  back  from  the  framework  assessing  dredging/transportation/ 
treatment  options  to  the  flowchart  determining  whether  more  special  restric¬ 
tions  are  necessary.  Therefore,  the  evaluation  of  alternatives  used  in  the 
DMASS  relies  to  a  great  extent  on  the  detailed  technical  assessment  presented 
in  Lee  et  al.  (1985)  and  Peddicord  et  al.  (1986). 

Terminology 

Additional  Restrictions.  The  term  "restrictions"  refers  to  any  action 
that  is  taken  in  response  to  the  indication  that  a  sediment  may  be  contami¬ 
nated  and  require  special  consideration.  Actions  that  are  taken  for  the 
dredglng/transportation/dlsposal  of  noncontaminated  dredged  material  will  be 
used  as  the  base  or  minimum  design  case.  These  so-called  "routine  or  normal" 
actions  may  not  be  uniform  and  will  probably  vary  from  one  locality  to 
another. 


N-oC'ivX-iv: 


However,  for  ease  of  presentation  In  this  report,  routine  actions  will  be 
assumed  to  be  the  following: 

a.  Dredging  -  Mechanical  or  hydraulic  dredging  with  no  actions  to  con¬ 
trol  resuspension. 

b.  Upland  and  Nearshore  Disposal  -  Construction  of  a  fenced  diked  dis¬ 
posal  area,  allowing  for  runoff,  seepage,  and  evaporation  of  moisture 
(Appendix  D) . 

c.  Aquatic  Disposal  -  Uncontrolled  release  of  material  over  a  predesig¬ 
nated,  subsurface  site. 

Technologies .  A  technology  is  a  single  class  of  action  that  is 
implemented  to  minimize  or  eliminate  contaminant  migration.  Parts  II  through 
VI  of  this  report  discuss  technologies  that  are  available  or  potentially 
available  to  restrict  contaminant  migration  during  all  phases  of  dredging 
operations.  Examples  of  technologies  include  covers,  liners,  and  special 
purpose  dredges. 

Restriction  Scheme.  A  restriction  scheme  consists  of  one  or  more  tech¬ 
nologies  combined  to  advdress  all  contaminant  pathways  of  concern  at  any  site. 
An  example  of  a  restriction  scheme  would  be  Implementation  of  both  a  cover  and 
liner  at  a  site  to  address  the  surface  runoff  and  leachate/ground-water 
pathways . 

Alternatives .  An  alternative  Is  the  site-restriction  scheme  combination. 
An  example  of  an  alternative  is  the  implementation  of  a  cover  and  liner  system 
at  a  single  disposal  site  to  meet  the  required  restrictions  at  that  specific 
site. 


General  Approach  to  Alternative  Selection 


Strategy  Overview 


Goal  of  Process.  The  overall  goal  of  the  framework  Is  to  provide  a  means 
to  assist  planners,  engineers,  and  decision  makers  when  selecting  proper  con¬ 
trol  and  treatment  options  for  dredged  material  that  requires  restricted  dis¬ 
posal.  The  intent  is  to  provide  uniform  guidelines  In  order  to  assure  that 
all  aspects  of  the  problem  are  taken  Into  consideration  in  a  consistent, 
relatively  objective  way.  In  addition,  the  process  allows  flexibility,  in 


9.4 


that  regional,  state  or  local  authorities  may  emphasize  different  concerns 
accomplished  via  "regional  administrative  decisions"  identified  in  the 
framework. 

Starting  Point.  Use  of  the  guidelines  begins  with  knowledge  of  the  type 
and  level  of  contamination  present.  This  information  is  the  result  of  a 
series  of  biological  and  chemical  tests  and  is  presented  in  the  form  of  poten¬ 
tial  pathways  of  contamination  (eg.  plant  uptake,  animal  uptake,  leachate  con¬ 
tamination  of  groundwater,  human  exposure,  etc.). 

Logic  of  the  Strategy.  The  purpose  of  the  framework  is  to  limit  the 
number  of  dredging/treatment/disposal  alternatives  that  need  to  be  evaluated 
in  detail,  without  eliminating  any  that  are  worth  considering  for  the  final 
design.  This  goal  is  accomplished  via  a  series  of  sequential  screenings  of 
various  aspects  that  make  up  alternatives.  These  include:  disposal  sites; 
dredge,  transport,  treatment,  and  containment  technologies;  and  alternatives. 
At  each  successive  screening  the  evaluation  is  more  complex,  with  the  final 
step  requiring  a  fairly  thorough  analysis  of  the  remaining  alternatives.  The 
Intent  of  this  process  is  to  minimize  the  resources  spent  on  detailed  evalua¬ 
tion  of  alternatives  that  would  not  be  suitable  for  selection,  and  eliminate 
them  early  in  the  process. 

The  number  of  possible  dredging/transportation/disposal  alternatives  that 
must  be  evaluated  for  a  single  dredging  project  can  be  quite  large.  For  exam¬ 
ple,  consider  the  disposal  of  a  contaminated  sediment  in  an  upland  environ¬ 
ment.  Assume  that  five  different  potential  disposal  sites  have  been  selected 
for  evaluation.  In  addition,  assume  that  eight  different  restriction  schemes 
are  available  to  meet  environmental  protection  requirements.  A  thorough  anal¬ 
ysis  requires  assessment  of  up  to  40  alternatives:  each  of  the  eight  schemes 
at  each  of  the  five  sites.  Clearly  as  other  types  of  disposal  sites  (aquatic 
and  nearshore)  and  other  technologies  are  considered,  the  number  of  potential 
alternatives  requiring  evaluation  increases  dramatically. 

Alternatives  can  be  eliminated  at  different  stages  in  the  DMASS  process 
and  can  be  eliminated  for  different  reasons.  Elimination  will  be  done  by 
screening  out  alternatives  using  one  or  more  of  the  criteria  discussed  below 
or  other  region-spec*  flc  criteria  deemed  appropriate  by  local  decisionmakers. 
The  DMASS  is  a  five  phase  sequential  process  that:  (1)  selects  potential 
sites  and  screens  out  poor  ones  after  a  detailed  site  assessment;  (2)  selects 
potential  technologies  that  are  appropriate  to  the  remaining  potential  sites 


and  screens  out  poor  options  based  on  knowledge  of  how  well  the  technologies 
address  the  contaminants  and  migration  pathways  of  concern;  and  (3)  determines 
alternatives  based  on  slte/t'ichnology  combinations  and  further  screens  these, 
based  on  a  broader  consideration  of  the  criteria.  Once  a  few  good 
alternatives  have  been  identified  they  are  evaluated  in  detail  and  arrayed  for 
final  selection.  Details  of  this  process  are  covered  in  later  sections. 

The  use  of  screens  at  different  points  in  the  strategy  allows  for  succes¬ 
sive  elimination  of  poor  aspects  of  an  alternative.  To  alleviate  confusion 
with  use  of  terminology,  the  following  conventions  are  used  throughout  the 
report:  Site  screening  addresses  potential  sites  and  eliminates  poor  ones; 
technology  screening  is  aimed  at  eliminating  inappropriate  technologies;  and 
alternative  screening  is  applied  to  fully  developed  alternatives. 

In  addition,  the  detailed  evaluation  and  ranking  of  the  remaining  alter¬ 
natives  involves  a  final  screening.  At  each  of  these  stages  different  evalua¬ 
tion  factors  can  be  applied  since  certain  factors  are  more  appropriately 
applied  to  specific  considerations.  Evaluation  factors  are  recommended  (or 
used  as  examples)  in  this  part;  however,  their  selection  during  implementation 
of  the  strategy  is  left  as  a  regional  decision. 

The  level  of  def^il  that  is  considered  in  the  selection  strategy  may  vary 
from  one  point  to  another.  The  intent  is  to  include  as  much  detail  as  is 
possible  without  making  the  process  too  cumbersome.  For  example,  different 
technologies  will  be  considered  to  allow  assessment  in  terms  of  effectiveness, 
cost,  etc.  Further  specifications  as  to  the  specific  type  of  a  technology 
will  not  be  addressed.  An  example  of  this  delineation  is  liners  for  upland 
disposal  sites:  the  selection  strategy  will  consider  liners  as  an  appropriate 
technology;  however,  the  selection  strategy  will  not  consider  such  items  as 
the  type  of  liner  (clay  or  one  of  the  many  synthetic  membranes)  or  the  thick¬ 
ness  of  the  liner.  These  issues  should  be  part  of  the  concept  design,  after  a 
few  promising  alternatives  have  been  selected. 

One  additional  note;  the  DMASS  is  a  procedure  to  assist  in  planning  for 
an  operation  involving  the  dredging,  transport,  and  disposal  of  contaminated 
dredged  material.  It  is  not  intended  to  provide  a  project  design,  although 
the  results  will  assist  in  the  preliminary  design  of  dredging/transportation/ 
disposal  options. 


The  sequential  development  of  the  five  phases  contained  within  the  DMASS 
are  shown  in  Fig.  9.2.  Each  phase  involves  a  number  of  detailed  considera¬ 
tions  that  will  be  described  thoroughly  in  following  sections  of  this  report. 
Phase  I  (presumption  of  contamination  pathway)  represents  the  results  of  the 
process  presented  by  Lee  et  al.  (1985)  and  Peddlcord  et  al.  (1986).  During 
this  phasa,  the  need  for  restrictions  Is  primarily  determined  from  tests  per¬ 
formed  on  the  sediment  to  be  dredged.  Phase  II  (confirmation  of  a  site- 
specific  contamination  pathway)  represents  a  major  part  of  the  alternative 
selection  process.  During  this  phase,  knowledge  of  the  sediment  obtained  dur¬ 
ing  Phase  I  is  combined  with  detailed  information  on  specific  disposal  sites 
to  confirm  that  there  is  a  contaminant  migration  pathway  of  concern  and  that 
appropriate  restrictions  should  be  Imposed  at  the  specific  site  under  investi¬ 
gation.  Phase  III,  also  a  major  part  of  the  selection  strategy,  develops  and 
screens  alternatives  by  addressing  technologies  and  combinations  of  technolo¬ 
gies  that  may  be  available  to  meet  the  site-specific  migration  pathway 
restrictions  Identified  In  Phase  II.  Phase  IV  includes  a  detailed  evaluation 
of  alternatives  surviving  the  screening  process  and  an  assessment  of  each 
according  to  specific  evaluation  criteria.  The  final  phase,  Phase  V,  of  the 
selection  strategy  Is  simply  the  selection  of  one  alternative  and  preliminary 
design  of  the  project.  The  five  phases  of  the  DMASS  process  are  summarized  in 
Table  9.1. 

Figure  9.3  shows  an  expansion  of  the  five  general  phases  and  allows  a 
more  detailed  look  at  the  steps  involved  in  the  selection  strategy  process. 

The  series  of  boxes  in  the  upper  left  corner  of  Fig.  9.3  represent  the 
potential  problems  and  associated  tests  shown  in  Part  1  of  Fig.  9.1.  Those 
tests  for  aquatic,  upland,  and  nearshore  disposal  are  grouped  together  since 
the  flowchart  In  Fig.  9.3  is  general  and  can  be  used  for  all  three  types  of 
disposal . 

It  will  be  apparent  from  the  following  discussion  that,  wherever  pos¬ 
sible,  considerable  flexibility  has  been  built  Into  the  selection  strategy 
process,  allowing  decisionmakers  some  choice  in  how  the  steps  are  followed. 

The  flow-chart  should  be  approached  with  an  eye  to  the  overall  process,  rather 
than  simply  addressing  one  step  and  then  moving  on  to  the  next  one.  Condi¬ 
tions  and  characteristics  of  specific  applications  will  vary  and  sometimes 
require  slight  modifications  to  the  sequence  presented  In  Figure  9.3.  One 


Figure  9.2.  Phases  In  the  Dredged  Material  Alternative  Selection 

Strategy  (DMASS) 
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Table  9.1  (Concluded) 


exanple  is  Che  sequence  of  site  selection  followed  by  technology  selection. 

In  some  cases,  these  two  could  be  done  concurrently  rather  Chan  sequentially. 
Using  the  flowchart  by  looking  two  steps  ahead  gains  further  flexibility,  pos¬ 
sibly  saving  time  and  energy. 


Evaluation  Factors 


The  selection  of  alternatives  necessitates  the  formulation  of  factors  by 
which  the  alternatives  are  to  be  evaluated  and  criteria  by  which  these  factors 
are  to  be  measured.  A  number  of  factors  and  a  variety  of  criteria  have  been 
proposed  for  the  evaluation  of  dredged  material  disposal  projects.  The  selec¬ 
tion  of  appropriate  evaluation  factors  and  criteria  may  depend  on  both  the 
characteristics  of  the  sediment  to  be  dredged  and  the  proposed  dredging/ 
transportation/disposal  alternative  to  be  Implemented.  Therefore,  the  selec¬ 
tion  of  alternative  evaluation  factors  and  criteria  Is  a  local  or  regional 


decision. 


Evaluation  factors  and  criteria  are  developed  as  a  means  of  assessing  the 
relative  merits  of  a  set  of  proposed  alternatives.  Although  the  selection  of 
factors  is  relatively  trivial,  the  development  of  criteria  by  which  these  fac¬ 
tors  are  measured  or  compared  la  much  more  difficult.  Criteria  can  be  quanti¬ 
tative  or  qualitative.  The  alternative  assessment  and  selection  process  can 
be  less  subjective  If  the  criteria  can  be  expressed  in  quantitative  terms; 
however,  for  criteria  other  than  costs,  It  Is  usually  not  possible  to  quantify 
the  factors  in  absolute  terms.  In  such  cases,  decision  makers  usually  resort 
to  the  relative  numeric  ranking  of  alternatives.  These  relative  numeric  rank¬ 
ings  are  usually  based  on  the  subjective  evaluation  of  the  likelihood  that  a 
specific  qualitative  criteria  can  be  obtained. 


Quantifiable  Factors 


Quantifiable  factors  Include  cost,  technical  effectiveness,  and  operation 


and  maintenance. 


Costs .  The  cost  factor  addresses  the  overall  cost  of  Implementing  a 
control/treatment  alternative.  Overall  cost  includes  capital  as  well  as 
operation  and  maintenance  costs  and  should  be  quantified  as  the  present  worth 
or  equivalent  annual  cost  of  the  alternative.  In  general,  it  Is  desirable  to 
select  an  alternative  with  the  lowest  overall  cost.  There  are  difficulties  in 


basing  decisions  solely  on  cost  since  other  important  factors  may  be  over¬ 
looked.  Therefore,  the  criteria  by  which  the  cost  factor  should  be  measured 


is  cost  effectiveness.  The  cost  effective  alternative  is  the  least  cost 


alternative  that  acceptably  meets  the  criteria  established  for  the  other 
evaluation  factors. 

Technical  Ef fee tlveness /Efficiency .  The  technical  effectiveness/ 
efficiency  factor  addresses  the  ability  of  an  alternative  to  meet  control/ 
treatment  requirements.  Since  control/treatment  alternatives  are  implemented 
in  response  to  requirements  of  the  decision  making  framework  (Lee  et  al.  1985, 
Peddicord  et  al.  1986),  the  technical  effectiveness/efficiency  alternatives 
under  consideration  should  be  evaluated  in  terms  of  the  testing  protocols  per¬ 
formed  in  accordance  with  the  decision  making  framework.  The  ability  of  an 
alternative  to  meet  these  requirements  should  be  assessed  by  comparison  of  the 
allowable  contaminant  release  at  a  specific  site  with  the  estimated  contami¬ 
nant  release  after  implementation  of  the  control/treatment  option. 

The  criterion  for  the  technical  effectiveness/efficiency  factor  is  there¬ 
fore  the  ability  of  the  alternative  to  meet  contaminant  release  requirements. 
The  evaluation  process  is  conducted  by  estimating  the  contaminant  containment 
efficiency,  for  all  pathways,  of  the  alternative  and  proceeding  through  the 
decision  making  process  outlined  in  the  decision  making  framework. 

Operation  and  Maintenance.  The  operation  and  maintenance  (O&M)  evalua¬ 
tion  factor  addresses  the  material  and  resource  requirements  necessary  to 
operate  and  maintain  the  control/treatment  alternative.  The  impact  of  O&M 
requirements  is  typically  expressed  as  a  cost.  While  it  is  generally 
desirable  to  minimize  these  costs,  the  effect  of  O&M  cost  reductions  must  be 
assessed  in  terms  of  the  overall  cost  of  the  alternative  evaluated  as  a 
present  worth  or  equivalent  annual  cost.  That  is,  reductions  in  O&M  costs  are 
frequently  offset  by  increases  in  capital  costs.  Evaluation  of  methods  having 
similar  total  overall  costs  must  consider  the  preferability  of  capital  costs 
(l.e.,  present  costs)  to  O&M  costs  (l.e.,  future  costs).  The  relative 
preference  of  costs  should  be  based  on  the  certainty  of  cost  data  and  the 
source  of  funding.  In  general,  there  is  more  certainty  with  capital  (present) 
costs  than  with  O&M  (future)  costs.  The  criterion  by  which  O&M  will  be 
evaluated  is  costs. 

It  is  difficult  to  set  an  absolute  quantitative  value  for  the  criterion 
for  this  evaluation  factor  because  of  the  effects  of  site  specific  conditions 
and  uncertainties  associated  with  control/treatment  alternative  costs.  The 
following  criterion  is  provided  for  general  guidance  in  evaluating 


alternatives:  among  alternatives  having  approximately  equal  total  cost 
effectiveness,  the  alternative  having  the  minimum  O&M  cost  should  be  selected. 
Non  Quantifiable  Factors 


Non  quantifiable  factors  Include:  reliability,  Implementablllty/ 
availability,  environmental  concerns,  safety,  regulatory  requirements,  and 
public  acceptance. 

Reliability.  The  reliability  evaluation  factor  addresses  the  uncertainty 
associated  with  performance  of  an  alternative.  In  general,  efforts  are  made 
to  formulate  reliable  alternatives  and  select  alternatives  having  the  maximum 
reliability.  This  may  appear  to  be  trivial  since,  in  theory,  all  candidate 
alternatives  should  be  reliable,  l.e.  an  alternative  would  never  be  planned  to 
be  unreliable.  The  difficulty  lies  In  quantifying  and  subsequently  assessing 
in  absolute  terms  the  performance  uncertainty  associated  with  a  specific 
control/treatment  alternative.  This  uncertainty  can  be  minimized  through  the 
use  of  alternatives  which  have  already  been  proven  In  application  under 
similar  conditions.  Unfortunately,  this  requirement  would  preclude  the  use  of 
new  alternatives  that  may  provide  acceptable  contaminant  containment,  however, 
which  have  not  been  used  on  the  field  scale. 

To  further  complicate  the  evaluation  of  reliability,  the  consequences  of 
failure  must  be  taken  into  account.  A  general  guideline  for  acceptable  con¬ 
sequences  of  failure  should  be  comparison  with  the  no  restriction  alternative. 
That  is,  as  a  minimum,  complete  failure  of  the  alternative  to  provide  contam¬ 
inant  containment  should  not  result  in  consequences  greater  than  the  no 
restriction  option.  Alternatives  that  meet  this  guideline  can  be  subjected  to 
further  review. 

In  consideration  of  the  above,  three  general  guidelines  are  suggested  for 
assessment  of  alternative  reliability.  These  guidelines  are  based  on  the 
discussion  of  technologies  found  in  Part  VIII. 

a.  Alternatives  that  Incorporate  field  demonstrated  technologies  are 
preferred. 

b.  Alternatives  that  Incorporate  proven  technologies  are  acceptable. 

c.  Alternatives  that  incorporate  demonstratable  technologies  will  be 
considered  If  the  consequences  of  complete  failure  are  not  greater  than  the 
consequences  associated  with  the  no  restriction  alternative. 

d.  Alternatives  that  incorporate  conceptual  technologies  are 
unacceptable . 


Implementabllity/Avallabillty .  The  Implementability  factor  addresses 
site  specific  conditions  which  may  impact  on  implementation  of  the  proposed 
control/treatment  alternative.  Typically,  implementability  concerns  the  tech¬ 
nical  feasibility  of  constructing  or  operating  the  control/treatment  option 
under  site  specific  conditions.  For  example,  because  of  poor  soil  conditions 
at  a  nearshore  disposal  site  it  may  be  technically  Infeasible  to  construct  a 
flexible  membrane  liner  to  address  a  ground-water  contamination  problem. 
Availability,  on  the  other  hand,  concerns  the  requirements  for  specific  equip¬ 
ment,  materials,  and/or  conditions  that  may  be  necessary  to  implement  a 
proposed  control/treatment  alternative.  For  example,  lining  of  an  upland 
disposal  site  with  low  permeability  natural  soil  may  be  Infeasible  because 
such  lining  material  is  not  available  within  an  acceptable  distance  of  the 
disposal  site.  Another  example  would  be  limited  availability  of  dredging 
equipment.  Generally,  alternatives  should  be  selected  which  do  not  require 
equipment,  materials,  or  conditions  not  readily  obtainable. 

If  required  equipment,  materials,  or  conditions  are  not  readily  obtain¬ 
able,  a  proposed  alternative  may  still  be  technically  possible  to  implement. 
This  is  usually  accomplished  by  increasing  the  expenditure  of  monetary 
resources  until  the  cost  becomes  prohibitive  or  extending  the  time  frame  for 
project  completion.  Thus,  two  criterion  are  selected  for  the  assessment  of 
Implementabillty/availabillty :  impact  on  cost  and  Impact  on  timing. 

The  cost  criterion  can  be  stated  as  a  maximum,  i.e.,  in  order  to  be  con¬ 
sidered  as  Implementable ,  the  cost  of  the  alternative  should  not  be  greater 
than  the  maximum  reported  unit  cost  of  Implementation  at  other  sites.  The 
timing  criterion  is  simply  stated  as;  can  the  alternative  be  implemented 
within  the  required  time  frame. 

In  addition  to  these  absolute  criteria,  the  evaluation  of  relative 
implementability/availability  of  an  alternative  is  also  important.  Some 
alternatives  are  easier  to  implement  than  others.  This  can  only  be 
accomplished  through  relative  subjective  ranking.  Obviously  a  major  criterion 
by  which  the  relative  implementability  of  an  alternative  is  evaluated  is  the 
relative  cost  of  the  alternative. 

Environmental  Concerns.  The  Decisionmaking  Framework  (Lee  et  al.  1985, 
Peddlcord  et  al.  1986)  addresses  those  direct  environmental  impacts  associated 
with  the  release  of  contaminants  from  the  dredged  material.  These  contaminant 
release  Issues  are  addressed  through  the  technical  effectiveness/efficiency 


and  reliability  evaluation  factor.  The  environmental  concerns  evaluation  fac¬ 
tor,  on  the  other  hand,  addresses  environmental  consequences  other  than  those 
associated  with  the  releases  of  contaminants.  Although  these  consequences  may 
be  significant,  for  purposes  of  discussion  they  will  be  defined  as  the  second¬ 
ary  Impacts  of  contaminated  dredged  material  disposal.  These  secondary 
Impacts  Include  such  things  as  loss  of  habitat,  noise,  and  esthetics.  Identi¬ 
fication  of  these  secondary  Impacts  is  highly  site-specific.  Quantification 
is  difficult  and  the  best  analysis  will  usually  be  based  on  a  qualitative 
assessment  and  relative  ranking  of  alternatives.  In  general,  it  is  desirable 
to  select  control/treatment  alternatives  that  minimize  the  secondary  impacts 
of  disposal  and  those  alternatives  with  fewer  secondary  Impacts  are  preferred. 

Safety.  The  safety  evaluation  factor  addresses  the  issue  of  whether  the 
proposed  control/treatment  alternative  can  be  safely  Implemented.  The  safety 
of  both  on-site  personnel  and  the  general  public  should  be  addressed.  Whereas 
the  technical  effectiveness/efficiency  and  reliability  evaluation  factors 
address  the  consequences  of  the  migration  of  contaminants  from  the  dredged 
material,  the  safety  evaluation  factor  considers  those  direct  hazards  asso¬ 
ciated  with  implementation  of  the  control/treatment  alternatives.  Examples  of 
concerns  addressed  by  this  evaluation  factor  Include. 

a.  Can  the  proposed  control/treatment  alternative  be  safely  constructed 
or  operated? 

b.  Will  special  personnel  protection  be  required  during  the  construction 
process? 

c.  Will  transportation  of  material  endanger  the  general  public  during 
active  project  performance? 

Alternatives  should  be  selected  that  minimize  safety  hazards  to  both 
on-site  personnel  and  the  general  public.  Although  safety  requirements  impact 
the  cost  of  alternatives,  in  most  cases  the  relative  safety  of  alternatives 
can  only  be  addressed  in  subjective  and  qualitative  terms. 

Regulatory  Requirements.  The  regulatory  requirements  evaluation  factor 
addresses  the  Impact  of  compliance  with  applicable  laws,  ordinances,  and  regu¬ 
lations  on  the  implementation  of  the  proposed  control/treatment  alternative. 
Regulatory  requirements  are  extremely  Important  in  that  they  may  determine  the 
overall  acceptability  of  an  alternative,  and  at  the  very  least  impact  on  the 
cost  and  time  required  for  Implementation.  Since  it  is  assumed  that  all 
alternatives  must  comply  with  all  appropriate  regulations,  it  may  be  argued 


that  these  requirements  would  have  an  equal  impact  on  all  alternatives.  How¬ 
ever,  not  all  regulations  will  apply  equally.  If  at  all,  to  all  alternatives. 
For  example,  only  those  alternatives  resulting  in  discharges  to  surface  waters 
would  have  to  comply  with  state  water  quality  standards  under  Section  404  of 
the  Clean  Water  Act. 

It  Is  usually  difficult  to  quantify  the  impact  of  regulatory  requirements 
on  the  implementation  of  control/treatment  alternatives.  In  many  cases,  the 
interpretation  of  regulations  by  regulatory  agencies  is  subjective  and  carried 
out  on  a  case-by-case  basis.  This  can  lead  to  uncertainty  in  the  evaluation 
of  the  regulatory  requirements  factor. 

In  quantitative  terms,  both  a  time  and  cost  criteria  can  be  developed  for 
the  regulatory  requirements  factor.  In  terms  of  cost,  the  criteria  is  that 
the  cost  of  regulatory  compliance  associated  with  the  Implementation  of  a 
control/treatment  alternative  should  not  constitute  a  significant  Increase  In 
costs  beyond  those  required  to  meet  contaminant  containment  requirements.  In 
terms  of  time,  satisfying  regulatory  requirements  should  not  result  in  exten¬ 
sion  of  the  project  time  frame  beyond  acceptable  limits. 

For  those  alternatives  meeting  the  above  minimum  criteria,  a  subjective 
ranking  of  the  regulatory  difficulty  associated  with  each  can  be  prepared. 
Alternatives  with  fewer  regulatory  difficulties  are  preferable. 

Public  Acceptance.  The  public  acceptance  evaluation  factor  addresses  the 
concerns  of  the  public  about  implementation  of  control/treatment  alternatives, 
including  all  of  those  factors  perceived  by  the  public  as  being  important. 
Addressing  public  concerns  has  proven  to  be  a  vital  consideration  in  a  number 
of  cases,  particularly  those  involving  siting.  A  major  difficulty  in  dealing 
with  public  concerns  is  that  they  are  often  problems  of  perception,  not  based 
solely  on  technical  considerations;  nonetheless,  they  cannot  be  dismissed 
solely  on  a  technical  basis. 

Alternatives  that  are  acceptable  to  the  public  should  be  selected  wher¬ 
ever  possible.  The  measurement  of  public  acceptance  and  comparison  with  a 
criteria  is  difficult  since  public  acceptance  often  involves  intangibles  and 
cannot  be  easily  quantified.  The  evaluation  of  public  acceptance  may  best  be 
expressed  in  terms  of  a  cost  criterion.  The  cost  of  achieving  public  accep¬ 
tance  of  a  control/treatment  alternative  should  not  result  in  a  significant 
increase  in  cost  beyond  that  required  to  meet  the  primary  contaminant  contain¬ 
ment  requirements. 


Alternative  Selection  Strate 


Phase  I:  Presumption 
of  Contamination  Pathway 

The  first  phase  of  the  DMASS  Is  the  Initial  determination  that  the  sedi¬ 
ment  to  be  dredged  Is  contaminated  and  that  there  is  some  reason  to  believe 
that  some  type  of  restriction  will  be  required  during  dredging/transportation/ 
disposal  operations.  The  presumption  that  contaminant  migration  is  a  concern 
is  made  using  the  decisionmaking  framework  proposed  by  Lee  et  al.  (1985)  and 
Peddicord  et  al.  (1986).  The  pertinent  flowcharts  from  these  studies  are 
repeated  in  Figs.  9.4  through  9.17.  The  various  flowcharts  used  in  this  phase 
will  be  utilized  again  in  the  alternative  development  and  screening  phase.  As 
different  restrictions  on  dredging/transport/disposal  are  considered,  their 
effectiveness  will  be  analyzed  by  proceeding  through  the  flowcharts  again  to 
see  if  there  is  still  an  adverse  Impact  and  if  further  restrictions  are 
needed . 

Phase  II;  Confirmation 
of  Contamination  Pathway 

The  end  product  of  Phase  I  is  a  listing  of  contaminant-migration  pathways 
potentially  requiring  restrictions.  It  is  assumed  that  this  information  indi¬ 
cates  the  need  for  some  restrictions  or  at  least  the  need  for  further  detailed 
analysis  of  the  environmental  consequences  of  a  proposed  dredging/ 
transportation/disposal  option.  These  concerns  must  now  be  evaluated  in  terms 
of  the  characteristics  of  a  specific  dredging  and  disposal  site.  It  is  highly 
possible  that  one  site  may  require  restrictions  whereas  another  site  may  have 
characteristics  that  require  different  or  possibly  no  restrictions.  For 
example,  assume  that  initial  testing  of  the  sediment  indicates  that  generation 
of  contaminated  leachate  may  have  an  impact  on  ground-water  or  surface-water 
resources  at  a  disposal  site.  This  is  the  presumption  of  a  contamination 
pathway.  As  individual  disposal  sites  are  assessed,  it  may  be  determined  that 
one  site  requires  a  liner  while  another  site,  because  of  fortuitous  geological 
circumstances,  may  make  a  liner  superfluous.  Thus,  the  presumption  of  a 
contaminant  migration  problem  based  on  sediment  testing  must  be  confirmed  by 
site-specific  evaluations. 

Potential  Site  Selection.  The  selection  of  sites  for  contaminated 
dredged  material  disposal  is  likely  to  be  a  local  or  regional  decision. 


AQUATIC  DISPOSAL 


KlRiire  ‘1.5.  Flowchart  for  decisionmaking  for  aquatic  disposal  water  column  Impacts  with 

mass  loss  assessment 


Figure  9.8.  Flowchart  for  decisionmaking  for  aquatic  disposal  deposited  sediment 

impacts  without  a  mass  loading  assessment 


Figure  9. in.  Flowchart  for  decisionmaking  for  effluent  water 


decisionmaking  for  surface  runoff  water  quality 


Flowchart  for  decisionmaking  for  leachate  seepage  quality  Impact 
to  surface  water 


EFERENCE  ^TEST  -  »  I  NO  RESTRICTIONS 


Figure  9.14.  Flowchart  for  decisionmaking  for  leachate  Impacts  to  ground  water 


REFERENCE  TEST'  SATURATED  »  I  NO  RESTRtCTlONS 


.15.  Flowchart  for  decisionmaking  for  potential  plant  uptake 


Potential  sites  will  probably  be  Identified,  at  least  on  a  preliminary  basis, 
during  or  prior  to  Phase  I  of  the  DMASS.  Many  potential  sites  can  be 
eliminated  through  a  preliminary  screening  process  consisting  of  up  to  three 
steps.  These  Include  elimination  of  sites  based  on:  (1)  absolute  criteria 
values;  (2)  a  relative  comparison  of  sites;  and  (3)  site-specific  characteris¬ 
tics.  Whether  all  three  of  these  criteria  are  used,  and  the  extent  to  which 
they  are  used,  will  depend  upon  specific  characteristics  of  the  application, 
with  the  number  of  available  sites  being  a  prime  factor. 

Where  there  are  a  large  number  of  candidate  disposal  sites,  some  can  be 
eliminated  because  they  do  not  achieve  the  cutoff  point  for  one  or  more  cri¬ 
teria.  The  simplest  example  Is  proximity  of  a  disposal  site  to  the  dredge 
site.  Proximity  is  an  easy  measure  to  use  and  incorporates  aspects  of  three 
of  the  criteria  discussed  earlier:  cost,  safety,  and  public  acceptance.  The 
cutoff  distance  must  be  far  enough  to  allow  retention  of  a  reasonable  number 
of  candidates,  even  after  other  screening  criteria  have  been  Imposed.  The 
cutoff  distance  can  otten  be  determined  on  a  logical  basis.  For  example,  if 
dredged  material  is  barged,  a  certain  distance  is  possible  using  a  continuous 
two-barge  operation.  A  greater  distance  is  possible  using  three  barges,  etc. 

A  similar  argument  can  be  made  for  pipeline  distances,  given  pumping  capaci¬ 
ties  and  elevation  changes.  Another  logical  measure  would  be  site  capacity. 
Ideal  iv  the  selected  disposal  site  must  be  capable  of  accommodating  all  of  the 
dredged  material.  However,  under  some  circumstances,  two  or  even  several 
sites  mav  be  vised.  However,  sites  with  limited  capacity  may  be  ruled  out 
ear'.-  'r.  In  the  evaluation  process. 

n, e  the  tirst  step  has  been  completed,  more  of  the  candidate  sites  can 
e  eilairated  ha.sed  on  a  relative  ranking  of  appropriate  criteria  for  the 
lemaining  sites.  If  onlv  a  few  candidate  sites  remain  after  the  initial  site 
sireeniti,:  step,  if  ir'igi.t  be  wise  to  retain  all  of  them.  However,  if  there  are 
mar-  ,  thi'se  tliat  are  clearlv  interior  can  safely  be  dropped  from  further 
,  ons  i  derat  ii’r  . 

'he  ciu  ice  ot  whicf'  factors  to  use  for  this  screening  process  is  a  local 
■:  regional  dec  lsioi..  Di  the  nine  evaluation  factors  described  earlier,  some 
ite  mi'Tp  applicable  although  not  totally)  to  the  control /treatment 
t  e.  imo .  .  es  to  He  employed  at  the  disposal  site  and  not  to  the  site  Itself, 

'■fese  !n:  'oide  r  e 1  ah  1 1  1 1  v  ,  i  mp  1  eroent  ah  i  1  i  t  y  and  availability,  technical 
e r  ■  p.  •  1  vene ss  .  'peratior.  and  maintenance,  and  safety.  The  rest  of  the 


criteria  (environmental  concerns,  cost,  regulatory  requirements,  and  public 
acceptance)  relate  closely  to  the  proximity  of  the  disposal  site  to  (1)  rne 
dredge  site  (cost),  (2)  environmentally  sensitive  areas  (environmental 
concerns  and  regulatory  requirements),  and/or  (3)  populated  areas  (public 
acceptance,  regulatory  requirements). 

The  last  step  in  the  screening  process  requires  the  assessment  of  all 
sites  for  any  site-specific  factors  likely  to  Jeopardize  the  use  of  a  site  for 
dredged  material  disposal.  Political  climate,  zoning,  and  ownership  are 
examples  of  factors  that  should  be  considered. 

Detailed  Site  Assessment.  The  evaluation  of  a  site  for  disposal  of  con¬ 
taminated  dredged  material  Involves  a  determination  of  all  characteristics 
that  might  affect  the  performance  of  the  technologies  Including  the 
no-restrictions  (no-actlon)  alternative. 

Since  the  site  assessment  performed  during  this  stage  is  likely  to  be  far 
more  detailed  than  previous  site  evaluations,  it  is  appropriate  to  examine 
whether  restrictions  are  Indeed  necessary  at  the  specific  site  being  evalu¬ 
ated.  The  evaluation  of  sites  might  Involve  different  factors,  but  should 
take  Into  consideration  all  avenues  that  have  a  potential  for  creating  an 
adverse  Impact.  As  such,  those  migration  pathways  of  concern  identified  In 
Phase  I  should  be  given  special  consideration. 

Assessment  of  a  single  site  could  include  a  variety  of  studies  involving 
considerable  expense.  No  attempt  will  be  made  to  detail  specific  types  of 
analyses  that  are  available,  although  general  approaches  will  be  mentioned. 
I'ecislons  on  the  type  of  analyses  to  perform  and  the  extent  to  which  they  are 
irrled  out  are  decisions  that  should  be  mrde  at  the  regional  or  local  level. 

■  brief  discussion  of  some  slte-asocssment  concerns  is  presented  below. 

Two  aspects  of  aquatic  disposal  need  to  be  considered:  effects  on  the 
water  column  and  effects  on  the  benthic  population. 

The  Initial  assessment  of  the  potential  effects  on  the  water  column  above 
i^oarlc  disposal  site  may  have  Involved  a  conservative  approach  by  assuming 
nlxini^  zone.  To  Include  the  natural  assimilative  capacity  of  the  receiving 
.j'er  the  site,  more  detailed  analyses  of  how  discharged  dredged  material 
■  'e  dispersed  In  the  water  column  are  necessary.  Unfortunately  there  are 
«*fis‘actorv  techniques  that  are  simple  and  quick  to  perform.  Existing 
•related  mathematical  models  could  be  calibrated  to  the  site  to  determine 
<:  sed  material  might  be  distributed  throughout  the  water  column.  The 
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the  effluent,  charar  tar  1  at  Ice  ol  f  ha  raialvl'ic  w.itar  ’  ixlv  wmild  need  t'  ha 
determined.  for  a  straam,  thee*  Include  luw-flc'w  rata,  'larkRtnund  ('onrentra- 
tlon,  temperature,  and  physical  characteristic!,  of  the  stream.  Conventional 
mathematical  models  can  be  used  to  determine  concentrations  after  discharge  to 
the  stream  and  following  transport  downstream.  For  aquatic  biota,  bloassays 
could  be  performed  when  Information  on  standard  chemical  analyses  Is  not 
available . 

Surface  runoff  is  a  concern  when  run-on  and/or  rainfall  picks  up  con¬ 
taminants  as  it  flows  over  the  area.  General  topography  and  climatic  data  are 
necessary  for  proper  analysis. 
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atti  aviapf  *■  'latatmlna  f'a  types  of  pianta  that  My  Invada  the  ».te.  I'l.tnt 
’  :  lassav  fasts  iislnjt  lii  llganuus  spat  fas  should  be  conduited  to  determine  what 
avant'im:  manwgamanf  t  r«(  liras  should  ba  plannad. 

ll'e  plrti.t  iipta»a.  assessaant  of  anlMl  uptaka  Is  onlv  a  b  1 1 e  spat;  1 1  Ic 
profilatr  In  'la  t  a  rm  1  n  1  fiK  1  fid  1  gaii'ius  speclaH  ifi.it  may  he  axpoaad  to  ti  ntamlnated 
material  or  plants  wfilch  may  fiave  actuaulatad  contaminated  material.  Bin¬ 
s' t  ijtru  1  at  1  «n  of  (  on t aw  1  nant H  via  plant  and  then  anlMl  uptake  Is  a  real  con- 
'ern,  maVltijt  anal  vis  of  potential  affectt  an  Important  consideration.  Since 
It  Is  ussuned  that  all  upland  sites  will  be  fenced,  certain  animals  will  be 
kept  f rtjm  direct  contact  with  sediment  and  affected  plants.  Flying  and 
fjurrowlng  animals  iiowever  must  be  considered,  and  bioaccumulation  via  herbi¬ 
vorous  animal  to  carnivore  t&ay  be  a  concern. 

bredge  and  Transport  Selection.  Allied  with  the  selection  of  potential 
disposal  sites  is  the  selection  of  the  type  of  dredge  and  the  type  of  sediment 
transport  once  It  has  been  dredged.  Indeed,  the  availability  of  a  disposal 
site  may  be  a  driving  force  in  the  selection  of  an  appropriate  dredging/ 
transportation  alternative.  This  link  Is  particularly  true  for  aquatic  dis¬ 
posal  of  dredged  material. 

The  two  boxes  shown  in  Fig,  9,3  (identify  dredge/transport  technique  and 
check  compatibility  of  dredge/transport  technique)  must  be  expanded  to  Include 
several  aspects.  Fig.  9.18  shows  this  expansion,  which  Is  based  on  the 


premise  that  characteristics  of  the  disposal  sits  are  the  dominant  factors  in 
the  selection  process.  Aa  a  result,  questions  regarding  the  disposal  site  are 
asked  first,  resulting  in  possible  special  considerations  at  the  dredging  site 
and/or  in  the  means  of  transport.  For  aquatic  disposal,  the  first  considera¬ 
tion  is  the  effect  on  the  water  column.  At  this  stage.  Information  from  anal¬ 
ysis  of  the  sediment  in  the  first  phase  has  determined  that  there  is  (or  Is 
not)  likely  to  be  an  adverse  Impact  on  the  water  column.  If  no  Impact  Is 
likely,  the  process  considers  the  next  question.  If  an  Impact  Is  thought  to 
be  likely,  then  site-specific  conditions  are  considered  for  each  potential 
site.  For  a  particular  site,  local  considerations  may  be  such  that  there  Is 
no  adverse  Impact  on  the  water  column,  in  which  case  the  next  step  In  the  pro¬ 
cess  would  be  considered.  For  another  site,  local  conditions  may  Indicate 
chat  there  would  be  an  adverse  impact.  In  this  case,  restrictions,  such  as  a 
downplpe,  would  be  necessary  at  that  site.  Once  a  restriction  has  been 
determined  as  necessary,  the  effect  of  its  use  should  be  checked  to  ensure 
that  no  further  restrictions,  above  and  beyond  the  Initial  effort,  are  still 
necessary. 

The  second  step  in  the  process  is  to  consider  the  need  to  control  the 
®  vrge  resulting  from  the  Impact  of  the  disposed  material  on  the  bottom. 

Again,  information  from  the  detailed  assessments  of  potential  sites  would 
indicate  whether  this  aspect  is  a  problem.  If  it  is,  controls,  such  as  a 
downplpe  and  diffuser  or  a  controlled  dump  (assuming  no  problems  with  the 
water  column),  should  be  assessed  to  see  if  their  implementation  would  allevi¬ 
ate  the  problem. 

Once  these  two  questions  have  been  addressed,  it  is  necessary  to  deter¬ 
mine  if  resulting  restrictions  will  have  an  effect  on  the  type  of  dredge 
and/or  type  of  transport.  The  primary  factor  here  is  simply  whether 
previously  determined  restrictions  require  hydraulically  pumped  sediment  or 
not.  For  example,  use  of  a  downplpe  and  diffuser  would  require  a  slurry. 

This  would  mean  that  the  sediment  needs  to  be:  (1)  hydraulically  dredged  and 
piped;  (2)  mechanically  dredged,  slurried,  and  piped;  or  (3)  mechanically 
dredged,  barged,  and  then  slurried. 

There  are  a  number  of  other  factors  to  consider  at  the  dredge  site  that 
are  independent  of  the  disposal  method,  yet  which  would  affect  the  choice  of 
dredging  techniques.  These  Include  aspects  such  as  depth,  resuspension  at  the 
dredge  site,  volitallzatlon,  maneuverability,  etc.  Consideration  of  these 


factors  Bight  ravtal  tha  naad  for  «  marhanlral  ovar  n  fivdraulli  rlraHna  ^  r 
vlca  versa)  or  evan  tha  naad  for  a  aparlal  purposa  dradga. 

Aftar  all  rastrlctlons  and  aparlal  rona  Idarat  l<'n«  hava  Saar'  ci^  t  ^  rrr  1  ^a.' 
for  disposal  sits,  transport  .  and  dradga  afta,  tha  dai  1  s  1  onmakar  <  Sai  k 

tha  coBpat  Ibl  1  Ity  of  all  tachnlquaa  and/or  aqnlpaiant  that  liava  Saar  aala  t  a<( 
Tha  rasult  of  this  saquanca  of  steps  should  ha  a  nnarhar  -<1  optlnri'i.  a«i  s 
raprasantlng  a  coablnatlon  of  rowpatlhla  t.Thnlqoas  and  dl^pusal  slia*  .  M'ata 
options,  do  not  nacassarlly  raprasant  full-srale  alternatives  slnra  Innn  fartr 
considerations  have  not  yat  been  addressed;  on  1  v  thr'se  proSiams  ,rss<i<  lata^^ 
with  the  transport  and  disposal  of  the  sediment  have  been  iinsldarad.  'onkr 
term  cons iderat Ions ,  such  as  anlauil  uptake,  hottom  si dur ,  at<  .  mav  ragnlra  t  rn 
use  of  additional  technologies,  such  as  capping  or  lateral  conflnamant  .rr 
aquatic  disposal  site. 

For  nearshore  and  upland  disposal,  the  prriress  Is  not  as  r  owp  l  i  c  at  ail 
since  tha  type  of  disposal  technique  and  site  rharacterlst li  s  dc  not  have  ,i 


great  an  Influence  on  the  types  of  dradga  and  transport  tachnlqiias .  (onsldar 
atlon  must  be  given,  however,  to  the  rastrlctlons  at  the  dredge  site  that  mav 
have  an  effect  on  tha  type  of  subsequent  treatment  and/nr  disposal  that  Is 
considered.  For  example,  for  nearshore  or  upland  disposal  sites  where  tlie 
surface  water  pathway  Is  restricted,  It  may  be  desirable  to  consider  on  1 v 
mechanical  dredging  techniques.  Thus,  a  tradeoff  Is  made  between  increased 
resuspension  at  the  dredging  site  and  the  reduced  discharge  of  contaminants  at 
the  disposal  site.  The  relative  merits  of  each  Is  addressed  through  the 
development  of  a  total  alternative  package  that  combines  technologies  for 
dredging,  transportation,  and  control/treatraent  of  contaminated  sediment  dur¬ 
ing  disposal  operations.  These  linkages  are  considered  later,  when 
treatment/dlsposal  techniques  are  discussed.  In  Fig.  9.18,  when  considering 
upland  or  nearshore  disposal,  the  upper  part  of  the  flow  chart  Is  bypassed  and 
only  those  restrictions  at  the  dredge  site  are  considered. 

Reassess  Need  for  Restrictions.  Once  site  characteristics  have  been  more 


thoroughly  assessed,  the  question  of  whether  restrictions  are  necessary  should 
be  reexamined.  It  Is  possible  that  specific  dredged  materlal/dlsposal  site 
combinations  may  require  no  restrictions  beyond  those  for  the  minimum  design 
case.  For  example,  an  upland  disposal  site  that  Is  underlain  by  clay  and 
receives  no  run-on  and  little  rainfall,  would  need  nothing  more  than  contain¬ 
ment  dikes  surrounded  by  a  fence,  which  is  the  normal  minimum  design. 


9.39 


If  curb  an  altarnatlva  fa  tdantiftad,  tba  fUiwrhart  ran  ba  aaltarf  an'  'ha 
cufivant  Iona  I  procaaa  would  ba  folli^ad  Iba  alnlBw  daalRn  altarnatlva 
a|>aria1  raal  r  1  <  i  lona )  can  alai  ba  ratalnad  t  nr  loraparlaon  wltb  nthar  altatriH 
t  I  vaa  .  Tb  1  a  option  aia  v  ba  bana  ft  (  1  a  1  .  a  1  nr  a  wban  all  t  ba  ava  I  ua  t  I  o(>  i  r  I  r  a  t  l  .i 
ara  (<>naldarad  It  !•  pnaalbla  tfiar  a  >aatrl(tad  dlapi'aMi  option  mav  fara 
battar  In  tba  long  run.  for  avaapla.  ' ba  no  t aa 1 1 1  •  t I  or  altarnatlva  ■labt  •  r 
rbaap  atiH  rallabla,  but  aaparlan<a  <on«|darabla  raalatania  f  row  par«llttn|i 
ott  li  la  la  and  the  pub  Mi  . 

Tba  data!  lad  alia  aaaaaa»ant  ma .  lavaal  that  wira  Information  I*  naiav. 
«arv  ti  maka  an  Infomad  darlalon.  '>>a  prop<<aad  altarnatlva  aalartlon  atrai 
agv  a  I  owv  ft>r  laadbark  I  oopa  wbara  .tdil  1 1  I  ona  I  atndlaa  tould  f'a  paffotaail  r 
(tat  nwra  In  forma  f  I  on  on  fs  1 1  a  <  ond  fflon*.  ..r  dradgad  matarlal  bara<faflatl>« 

I'baaa  MI-  Altarnatlva 
Tiava  lopaiant  and  t  aan 

I’baaa  MI  of  tba  IIMASS  Includaa  tba  davalopmani  o|  tandldata  a  I  t  arnat  1  vr  >• 
fur  .11  (  oaip  M  ab  1  ng  tba  raquirad  raatr1<(lona  on  lontamlnanl  algratlon.  Tba 
prltMTv  (d'larflva  of  applying  (<vntrol  traatmant  a  .  f  arnat  1 -•  aa  at  a  alia  i-  i 
radui  a  rlak  (a  funrtlon  of  contaialnat  ton ,  tba  patbwava,  and  tba  raiaptota'  *•. 
ninlBl/lng  ralaa^a  and  raaultant  attpoaura  along  aarb  of  tba  patbwava.  1ba 
Initial  alta  charar  tar  liat  Ion  and  aaaaaamatit  aarvas  to  Idantifv  t  fia  tltl-a! 
migration  pathways  lor  a  aparlflr  alta.  •  rltarla  for  aae b  of  tba  migration 
pathways  should  ba  davalupad  and  lomparad  to  iba  mlgiatiun  potantial  as 
datarmlnad  from  tha  prasuaptlva  taata  Initially  appllad  to  tba  dradgad  mata- 
rlal.  In  casas  whera  migration  potantial  axcaada  aMowahla  trltarla  valuaa 
for  a  specific  alta,  daslgn  altarnatlvaa  ronalatlng  of  ona  or  mora  tarlmolo- 
gles  can  be  formulated  that,  whan  applied  at  the  site  under  atudv,  will  reduia 
the  effects  of  contaminant  mlgrotlon  to  within  acceptable  criteria  limits. 

Technology  Screening.  Individual  contaminant  control/treatmant  technolo¬ 
gies  have  been  discussed  In  Parts  II  through  VI  of  this  report.  Many  of  these 
technologies  are  still  theoretical  or  conceptual  and  have  not  been  applied  in 
the  field-scale  environment  for  the  control  or  treatment  of  contaminants 
released  from  dredged  material.  Other  technologies  presented  have  been  proven 
in  related  applications,  however,  they  have  not  been  applied  to  the  control/ 
treatment  of  contaminants  released  from  contaminated  dredged  material.  As  a 
result,  most  of  the  technologies  presentsd  are  not  considered  as  a 
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I'at  r**a<t(va  In  aaa  (Inn  (ha  nhtaf{|-.'a«  a(  i  ;’ar(l<iilar  al(a.  A.'(arr-tri'.a 
t  dan  (  i  t  1  '  a  (  1  <'f<  >«aR  1  n  a  w  I  (  h  a  pr  a  1  1  m  )  na  r  v  a  v  a  '  na  (  1  nr  *  .4  .  !  t  ha  j>n  (  a  n  t  t  ,<  f  a  ^ 

ri'lciglaa  a-allahla  and  (*a  tdan(lM<atlnn  ■!  n  '  r(i.aa  trn  ['nffxit'  '' 

appM'ah’a  (n  (ha  a((aa  (ha(  ara  ■nfmla(an(  with  (ha  h’aiflvaa.  An  Inifl.i' 
aifaart  t"  aM(a|n«(a  rlaa(iv  InappC'prlata  (a<hn..l,njla«  v-a  wad  a  'n  f  4' 

haala  .d  (ha  wlnra(l('n  pa(hwava  ■>(  r(>n<arn  at'il  (ha  ihawl'al  natnra  ■'  ’ha  'n 
(awlnatad  d  rad  (ad  oia  (arlal.  Tahlaa  and  '  ahnw  a  tjanara!  appll<ahlllfN 

«a(rl»  *nT  thnaa  ta<hn<'l(t  (tlaa  d  1  ar iiaaai)  in  i'.t  t  t  •;  !  '  (  li  f  'U nh.  ','1  n (  t  ti  1  a  r  a pn r  t  . 
Tahla  ,  praaanta  an  avaluatton  nl  prnvan  nr  damc'iiar  rat  ad  taihnnloRla’  wii  1  a 

lai'la  I  praaanta  an  avaluatton  of  ilamona  t  r  a  (  at  1  a  t  an  htm  1  n^  1  aa  .  Tha  a'.ilija- 

(  I  nr  n(  app  I  t  (  ah  i  1  1 1  V  to  anv  partirnlar  mlnratinn  patiiwav  la  preaantaH  In 
qiialttatlva  tar«a  of  high,  low,  or  no  app  1 1  r  ah  1  1  1 1  v  .  Kataranra  (n  tl4a«a 
tahlaa  parwlta  aalartlon  of  tha  fanllv  of  t arhno  1  og  1  as  applirahla  to  anv  rorr- 
hlnatlon  nf  migration  pathwava  and  cont amlnant a .  Kor  axampla,  If  tha  nf'jac- 
flva  la  f(i  raduca  tha  riak  from  organic  compounda  vln  diract  roiit.ict,  than 
alta  aacurltv  would  ha  potantlallv  appllrahln.  i>n  tha  other  hand,  If  tfia 
oh'artlva  wara  to  reduce  the  rlak  from  Inorganic  contaminants  via  ground 
water,  than  site  lining  would  be  potantlallv  appllcabla. 

In  (uanv  rasas,  there  will  be  multiple  critical  migration  pathways  at  a 
specific  site.  Kor  example,  at  a  site  locateil  In  a  denselv  populated  area 
over  an  aquifer  recharge  zone,  both  the  direct  contact  and  ground-water  path¬ 
way  mav  be  critical.  In  such  cases,  technology  schemes  potentially  applicable 
to  all  pathways  should  be  considered.  The  preliminary  Identification  of 
appropriate  technology  scheme  should  be  broadly  construed.  If  there  Is  any 
question,  the  technologies  should  be  included  in  the  more  detailed  screening 
and  evaluation  processes  conducted  further  Into  the  alternative  selection 
process . 

Since  technology  restriction  schemes  can  consist  of  one  or  more  tech¬ 
nologies,  there  are  potentially  thousands  of  control/treatment  options  that 
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could  be  applied  at  a  specific  dredging  dieposal  attc.  fcrtunatalc.  u'.nir 
Manv  of  tbe  technologies  are  not  deatonet  rat  ed  or  rft'  not  appear  tf  be  itean'r 
•  tratable  In  the  near  future,  the  nuaher  of  teaalble  .ortr<>;  treatment  '  e  • 
natives  needing  evaiuatli'r  car,  usual'.v  he  held  to  a  reaaorab'.e  nuaher  tfier 
t  echno 1  ogle*  car  he  e  1  1 « 1  r .» t  e li  ' n  t  fi e  h a «  1  «  <’  *  c  t' *  t  .  •  '  i >r  ;  s  f  n g  a  r »  ;  t . a  ;  i  \  e  «■ 

using  one  or  more  teihnologlea  tor  restricting  contaalnant  migration  art  v’-e- 
serte<'  in  Table  ^ and  brief  !v  discussed  below. 

Tf>e  control  o!  leachate  gr  v'und-water  contanlnat  li  n  is  usuallv  accirm- 
nlished  using  cocers  and  or  liners.  There  aav  also  be  several  suba ! t erna t  i  ves 
invol'.lng  design  c  ons  1  der  a  t  1  c'ns  such  as  the  cover  and  '.  iner  aaterlal,  e.g.. 
•'.e'i‘'le  membrane  versus  natural  soils.  If  leachate  ci'Ilectlcn  is  Involved, 

( I  t  ernat  1  ve  devel  -pmeit  rruist  include  methods  f<'r  treatment  or  dispcisal  of  the 
eachat  e  . 

fhe  development  of  schemes  that  addres.s  the  surface  water  pathway  must 
conslde*^  both  short-  and  long-term  contaminant  release.  Short-term  releases 
result  from  the  discharge  I't  effluents  during  active  dredging  operations, 
partlcularlv  hvdraullc  dredging  operations.  l.ong-term  releases  result  from 
direct  rainfall  runot t ,  rainfall  runor  and  subsequent  runoff,  leachate  or  con¬ 
taminated  ground  water  collected  to  protect  the  ground-water  pathwa  ,  and 
dredged  material  dewatering  prc'cesses.  For  schemes  where  collectior  of  con¬ 
taminated  runotf  is  Included,  alternative  development  must  Include  provisions 
for  the  treatment  and  disposal  of  collected  waters. 

In  those  cases  where  the  leachate/ground-water  and/or  surface  water  path¬ 
ways  are  restricted  at  nearshore  or  upland  disposal  sites,  the  selection  of 
dredging  technique  may  have  a  significant  Impact  on  the  cost  of  disposal. 

Thus,  it  is  important  to  include  alternate  dredging  techniques  in  the  total 
package  of  alternatives  being  considered  for  implementation  of  a  project.  The 
important  consideration  is  the  comparison  of  mechanical  versus  hydraulic 
dredging  alternatives.  In  general,  mechanical  dredging  will  result  In  higher 
contaminant  concentrations  at  the  dredging  site  and  hydraulic  dredging  will 
result  In  higher  contaminant  concentrations  at  the  disposal  site.  Which  of 
these  conditions  is  more  desirable  is  based  on  site  specific  conditions  and 
control/treatment  alternatives  to  be  implemented.  By  Including  the  selection 
of  dredging  technique  in  the  alternative  development  phase,  the  tradeoffs  can 
be  assessed. 
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Table  9.4 

Typical  Control /Treatment  Alternatives  Addressing  Contaminant  Migration 


Migration  Pathway 


Typical  Alternative 


I  eachate /Groundwater 


Surface  Water 


Plant  and  Animal  Uptake 


Direct  Contact 


Air  Pathway 


Resuspension  at  Dredge 
(Mechanical) 


Runoff /Runon  Controls 
Runoff /Runon  Controls  +  Cover 
Runoff /Runon  Controls  +  Single  Liner 
Runoff/Runon  Controls  +  Cover  +  Single  Liner 
Runoff /Runon  Controls  +  Double  Liner 
Runoff/Runon  Controls  +  Cover  +  Double  Liner 
Runoff/Runon  Controls  +  Cover  +  Single  Liner  + 
Leachate  Collection 

Runoff/Runon  Controls  +  Cover  +  Double  Liner  + 
Leachate  Collection 

Solidification/Stabilization  of  Dredged 
Materials 

Mechanical  versus  Hydraulic  Dredging 

Collection  and  Treatment  of  Effluent 
Mechanical  versus  Hydraulic  Dredging 
Runoff/Runon  Controls  +  Cover 
Runoff/Runon  Controls  +  Direct  Rainfall 
Collection  and  Treatment 
Runoff/Runon  Controls  +  Cover  +  Direct  Rainfall 
Collection  and  Treatment 

Site  Security 
Chemical  treatment 
Covers 

Site  Security  +  Covers 

Site  Security 
Covers 

Site  Security  +  Covers 

Buffer  Zones 
Covers 

Buffer  Zone  +  Covers 

Solidif icatlon/Stablllzatlon  of  Dredged  Material 
Operational  Controls 

Operational  Controls  +  Water  Tight  Bucket 
Operational  Controls  +  Water  Tight  Bucket  *  :  • 

Curtains 


(Continued) 
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Table  9.4  (Concluded) 


Migration  Pathway _ 

Resuapenslon  at  Dredge 
(Hydraulic) 


Water  Column  or  Benthic 
(Open  Water  Disposal) 


_ Typical  Alternative _ 

Operational  Controls 

Operational  Controls  +  Dredge  Modifications 
Operational  Contrast  Dredge  Modifications  +  Silt 
Curtains 

Special  Purpose  Dredges 

Special  Purpose  Dredges  +  Silt  Curtains 

Operational  Controls 
Operational  Controls  +  Downplpe 
Operational  Controls  +  Downplpe  +  Diffuser 
Lateral  Confinement 
Capping 

Lateral  Confinement  +  Capping 


The  development  of  schemes  chat  address  Che  loss  of  contaminants  to  the 
water  column  at  open-water  disposal  sites  must  consider  both  short-  and  long¬ 
term  release  of  contaminants.  Short-term  releases  are  those  that  occur  during 
placement  operations  and  have  an  Impact  on  the  water  column  from  Che  surface 
to  Che  bottom.  Long-term  water  column  Impacts  result  from  the  Interface 
between  the  deposited  dredged  material  and  Che  overlying  water  column  and  con¬ 
tinue  long  after  dredging  operations  cease. 

The  development  of  schemes  Chat  address  Che  Impacts  on  Che  benthic  com¬ 
munity  at  open-water  disposal  sites  also  must  consider  both  the  short-term  and 
long-term  release  of  contaminants.  Short-term  releases  are  chose  occurring 
during  placement  operations  whereas  long-term  Impacts  result  after  placement 
of  Che  material  and  are  handled  by  site  controls. 

Alternative  Development.  The  preceding  paragraphs  addressed  generic 
technology  schemes  and  described  how  Inappropriate  measures  can  be  eliminated 
based  on  Che  knowledge  of  potential  contaminant  pathways.  Obviously  this  step 
cannot  be  completed  without  knowledge  of  where  the  technology  schemes  will  be 
placed  since  one  site  may  be  very  different  from  another.  The  two  steps 
(selection  of  potential  technologies  and  alternative  development),  therefore, 
must  overlap  to  a  certain  extent.  For  example,  when  developing  an  alternative 
(applying  a  technology  scheme  to  a  potential  site),  Tables  9.2  and  9.3  are 
applicable. 

The  main  function  of  t  alternative  development  step  is  to  apply 
technology  schemes  to  different  sites.  For  example,  if  runoff-runon  controls, 
a  cover,  and  a  liner  are  considered  appropriate  for  the  contaminant,  this 
technology  scheme,  when  applied  to  all  upland  sites,  would  result  in  several 
possible  alternatives,  one  for  each  upland  site.  At  this  point,  however,  the 
technology/slCe  compatibility  must  be  addressed.  For  example.  If  one  or  more 
upland  sices  has  a  natural  underlying  clay  layer,  Installing  a  liner  as  part 
of  a  technology  scheme  may  be  unnecessary. 

In  short,  Che  process  of  considering  contamination  pathways  started  in 
the  technology  selection  step  is  continued  and  applied  to  a  greater  extent  as 
technology  schemes  and  sites  are  combined  to  form  alternatives. 

Screening  of  Alternatives.  Once  the  list  of  candidate  alternatives  has 
been  developed.  It  Is  necessary  to  narrow  the  list  for  further  more  detailed 
analysis.  The  screening  process  is  designed  to  retain  appropriate 


alternatives  while  eliminating  clearly  Inferior  ones,  thus  reducing  the  effort 
required  for  detailed  analysis.  The  choice  of  possible  alternatives  Is  likely 
to  be  accomplished  based  on  the  knowledge  of  how  well  various  technologies 
have  performed  under  similar  circumstances.  Experience  and  judgement  are 
likely  to  play  as  large  a  role  In  this  process  as  scientific  Information.  It 
Is  possible  that  only  a  few  alternatives  may  remain  before  the  screening 
process.  In  such  a  case,  the  analyst  or  decisionmaker  may  wish  to  bypass  the 
screening,  retaining  all  alternatives  for  a  more  detailed  analysis. 

Three  different  types  of  screening  processes  are  available  to  the 
decision-maker,  allowing  some  choice  In  how  the  screening  step  Is  accom¬ 
plished.  Figure  9.19  shows  a  flowchart  for  the  selection  of  the  type  of 
screening  process,  including  the  option  of  bypassing  the  screening  altogether. 
The  first  step  in  the  flowchart  is  to  decide  whether  to  screen  or  not.  This 
decision  Is  most  likely  to  be  based  on  the  number  of  alternatives  available 
for  evaluation.  If  there  are  only  a  few,  it  may  be  advantageous  not  to  screen 
and  retain  all  options  for  detailed  evaluation.  The  second  step  is  to  decide 
whether  screening  should  be  based  primarily  on  the  cost  criterion.  If  so,  two 
options  are  available  that  require  values  for  the  cost  criterion  to  be  deter¬ 
mined  for  all  alternatives.  Alternatives  are  then  addressed  according  to 
increasing  costs  and  the  remaining  criteria  are  determined  as  each  alternative 
is  considered.  If  the  decisionmaker  prefers  not  to  start  by  ranking  alterna¬ 
tives  solely  by  cost,  a  third  screening  approach  is  possible.  If  the  first  or 
second  screening  options  are  preferred,  the  last  decision  concerns  whether 
alternatives  should  be  screened  so  that  the  process  retains  alternatives  for 
each  type  of  site.  These  three  screening  processes  are  described  in  greater 
detail  below. 

The  first  approach  simply  ranks  alternatives  according  to  cost.  The 
basis  for  the  approach  is  the  tenet  that  a  few  of  the  lowest  cost  alternatives 
that  satisfy  the  remaining  criteria  should  be  chosen,  regardless  of  location. 
Figure  9.20  shows  the  flowchart  for  the  approach.  Once  alternatives  have  been 
formulated,  the  cost  for  each  is  determined  and  all  alternatives  are  ranked 
according  to  cost.  Starting  with  the  least-cost  alternative,  values  for  the 
remaining  criteria  are  then  determined.  If  the  alternative  is  deemed  accept¬ 
able  based  on  the  evaluation  of  the  criteria,  it  is  selected  for  detailed 
evaluation.  If  not,  the  next  alternative  from  the  ranked  list  is  chosen  and 


Figure  9.20.  Flowchart  for  screening  of  alternatives  by  cost 
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Is  repeated  until  a  few  acceptable  alternatives  are  found  (In  this 
context  few"  Is  a  number  to  be  designated  by  the  decisionmaker). 

The  second  approach  is  a  variation  on  the  first.  It  allows  decision¬ 
makers  to  retain  one  or  more  alternatives  at  each  type  of  site  (aquatic, 
upland,  and  nearshore).  The  approach  calls  for  sequential  evaluation  (based 
on  cost)  for  each  site  type  so  that  (presumably)  not  all  alternatives  need  to 
be  evaluated. 

Figure  9.21  shows  the  flowchart  for  this  approach.  One  type  of  site  is 
chosen,  and  all  alternatives  are  formulated  for  that  site  type.  Costs  are 
determined  for  each  alternative  and  alternatives  are  ranked  by  cost.  For  the 
least  costly  alternative,  the  remaining  criteria  are  evaluated  and,  if  all  are 
acceptable,  the  alternative  is  saved  for  detailed  evaluation.  If  not,  the 
next  alternative  on  the  ranked  list  is  chosen.  The  process  is  repeated  until 
a  few  acceptable  alternatives  are  found. 

The  final  approach  also  allows  the  decisionmakers  to  narrow  the  number  of 
alternatives  that  must  be  fully  evaluated  before  a  decision  is  made.  However, 
cost  is  not  the  dominant  criterion.  Once  all  alternatives  are  formulated, 
criteria  values  are  assessed  for  each  and  the  screening  is  based  on  values  for 
all  pertinent  criteria.  Alternatives  can  be  evaluated  using  a  matrix  of 
criteria  or  a  multicriteria  display.  These  methods  are  discussed  in  detail 
later  in  this  part  of  the  report.  A  few  good  alternatives  can  be  selected 
from  the  results  of  the  screening  process  for  further  more  detailed  analysis. 

Choosing  among  the  three  screening  approaches  is  left  to  the  analyst  or 
decisionmaker.  The  first  two  approaches  start  with  the  lowest  cost  alter¬ 
natives  and  stop  once  a  specified  number  are  found  that  satisfy  minimum  values 
for  the  other  criteria.  The  only  difference  between  the  two  is  that  the 
second  approach  ensures  that  each  type  of  site  is  represented  in  the  remaining 
list  of  alternatives.  If  the  analyst/decisionmaker  desires  such  a  representa¬ 
tion,  the  second  approach  should  be  chosen.  A  variation  on  the  second 
approach  is  possible,  where  one  or  more  alternatives  are  generated  for  each 
site.  The  steps  in  the  approach  would  be  the  same  except  that  the  flowchart 
would  be  repeated  for  each  site  rather  than  each  site  type.  If  sites  within  a 
site  type  have  appreciably  different  characteristics,  the  modified  approach 
would  be  advantageous. 


Both  of  the  first  two  approaches  require  that  values  for  the  cost 
criterion  be  determined  for  all  alternatives  (in  order  to  rank  the  alter¬ 
natives).  However,  determination  of  values  for  the  other  criteria  is  not 
necessarily  required  for  all  alternatives,  since  these  criteria  are  evaluated 
at  each  step  and  only  until  the  desired  number  of  alternatives  have  been 
selected. 

For  the  third  approach,  values  for  all  criteria  for  all  alternatives  must 
be  determined  before  the  screening  process.  This  shortcoming  is  balanced  by 
the  advantage  of  having  assessed  all  alternatives.  The  approach  may  yield  an 
alternative  that  is  more  expensive  (and  would  not  have  been  retained  with 
either  of  the  first  two  approaches)  but  is  advantageous  because  it  performs 
very  well  in  terms  of  the  other  criteria.  In  other  words,  for  a  slightly 
greater  cost,  an  alternative  may  have,  for  example,  very  minimal  environmental 
Impact. 

Evaluating  Screening  Criteria.  The  process  of  screening  Is  proposed  by 
the  National  Contingency  Plan  (NCP).  The  NCP  suggests  that  initial  screening 
be  performed  on  three  criteria:  environmental,  public  health,  and  costs.  For 
actions  involving  the  dredglng/transportatlon/dlsposal  of  contaminated  dredged 
material,  screening  should  be  accomplished  on  the  bases  of  Implementablllty, 
technical  effectiveness,  and  costs. 

The  evaluation  of  the  implementability  criteria  is  designed  to  ensure 
that  the  proposed  alternative  is  technically  feasible,  i.e.,  can  be  con¬ 
structed  and/or  operated.  Feasible  alternatives  are  those  that  are  within 
accepted  engineering  practice  given  site-specific  conditions.  If  an  alterna¬ 
tive  is  technically  feasible,  it  is  considered  an  applicable  and  reliable 
means  of  addressing  the  problem.  Evaluation  of  technical  feasibility  can  also 
ensure,  if  desired,  that  only  proven  technologies  be  considered.  Evaluation 
of  the  criterion  can  be  used  as  the  point  at  which  the  decision  is  made  to 
attempt  the  use  of  demonstratable  technologies  rather  than  proven  or  demon¬ 
strated  technologies. 

If  an  alternative  is  technically  feasible,  the  technical  effectiveness  of 
the  alternative  should  be  evaluated  in  terms  of  its  capabilities  relative  to 
the  objectives  and  performance  requirement,  (i.e.,  can  the  proposed  alterna¬ 
tive  achieve  the  desired  level  of  contaminant  control?).  If  the  alternative 
falls  to  meet  the  required  contaminant-control  criteria,  the  alternative 
should  not  be  considered  further.  Technical  effectiveness  can  be  evaluated  in 
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terms  of  the  criteria  presented  In  the  decisionmaking  framework  (Lee  et  al. 
1985,  Peddicord  et  al.  1986).  Figures  9.22  through  9.30  present  modified  flow 
charts  from  the  DMF  (Lee  et  al.  1985)  that  can  be  used  to  make  the  evaluation 
of  the  technical  effectiveness  of  alternatives. 

The  assessment  of  technical  effectiveness  of  control/treatment  alterna¬ 
tives  Is  most  often  accomplished  using  best  engineering  judgement,  usually 
using  some  qualitative  approach.  Laboratory  and  field  data  from  other  sites 
are  often  interpreted  In  light  of  site-specific  conditions.  In  many  cases, 
data  must  be  extended  beyond  the  conditions  for  which  they  were  developed. 

The  data  on  the  performance  of  individual  technologies  must  also  be  combined 
with  the  site  data  to  define  anticipated  environmental  impact.  Mathematical 
models  can  be  used  to  supplement  engineering  judgement  and  provide  a  quantita¬ 
tive  assessment  of  site  conditions  and  control/treatment  technology  technical 
effectiveness.  The  use  of  mathematical  models  to  quantify  effectiveness  may 
provide  more  accuracy  and  confidence  in  decisions  concerning  the  technical  and 
cost  effectiveness  of  control/treatment  technologies. 

The  number  and  complexity  of  models  available  for  evaluation  of  control/ 
treatment  options  can  be  confusing  when  selecting  an  appropriate  model.  The 
planner  must  be  familiar  with  the  important  site  criteria  and  available 
models,  which  may  range  from  simple  analytical  equation  to  complex  numerical 
models.  The  USEPA  faces  a  similar  problem  in  evaluating  hazardous  waste 
remedial  action  performance  and  published  an  extensive  guidance  document  on 
the  selection  of  appropriate  modeling  strategies  (USEPA  1985).  Guidance  is 
provided  in  the  form  of  a  series  of  flow  charts  and  matrices  leading  to  model 
selection. 

The  guidance  provided  includes:  the  type  and  level  of  model (s)  needed  to 
evaluate  a  control/treatment  technology  or  group  of  technologies;  the  model 
dimensionality  and  grid  configuration  needed  to  represent  site-control/ 
treatment  technology  interaction;  model  parameter  adjustment  required  to  simu¬ 
late  the  effect  of  implementing  an  action;  control/treatment  configurations 
and  design  objectives;  and  techniques  and  literature  data  useful  in  estimating 
model  parameter  values.  Model  application  guidance  is  presented  in  terms  of 
the  general  capabilities  of  different  types  of  models,  including  sources  of 
information  on  specific  models;  factors  to  consider  when  linking  different 
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Figure  9.23.  Modified  flowchart  for  alternative  selection  for  aquatic 

disposal  benthic  Impacts 


Figure  9. 24.  Modified  flowchart  for  alternative  selection  for  upland/nearshore 

disposal  surface  water  pathway 


Figure  9.25.  Modified  flowchart  for  alternative  selection  for  upland /nearshore 

disposal  leachate-groundwater  pathway 


9.26.  Modified  flow-chart  for  alternative  selection  for  upland/nearshore 
disposal  plant  uptake  pathway 


Figure  9.21.  Modified  flowchart  for  alternative  selection  for  upland/nearshore 

disposal  air  pathway 


disposal  animal  uptake  pathway 


Figures  9.29.  Modified  flowchart  for  alternative  selection  for  upland /nearshore  disposal 

leachate/surface-water  pathway 


Figure  9.30.  Modified  flowchart  for  alternative  selection  for  upland/nearshore 

disposal  direct  contact  pathway 


numerical  models  to  assess  complicated  site  conditions  and  control/treatment 
alternatives;  the  steps  required  In  applying  models  for  control/treatment 
alternative  assessment;  user  expertise  and  resource  requirements;  alternative 
ways  of  analyzing  control/ treatment  technology  performance;  and  key  assump¬ 
tions  and  limitations  affecting  the  use  of  specific  models. 

Another  measure  of  technical  effectiveness*  In  addition  to  those  proposed 
In  the  DMF  (Lee  et  al.  1985),  Is  the  concept  of  mass  loss.  These  losses  will 
occur  In  the  short  and  long  term  through  the  sediment,  water,  and  gas  media. 

In  most  cases,  the  largest  fraction  of  the  contaminants  will  be  bound  to  sedi¬ 
ment,  and  the  water  will  contain  greater  numbers  and  levels  of  contaminants 
than  the  gas.  Since  volatiles  will  rarely  present  a  concern  and  since  control 
of  sediment  particles  Is  fairly  well  understood,  the  key  to  effective 
contaminant  containment  will  be  the  type  and  amounts  of  soluble  or  easlly- 
solublllzed  contaminants  In  the  sediment. 

Loss  of  contaminants  during  all  three  phases  of  dredging  operations 
(dredglng/transport/dlsposal)  Is  Inevitable.  The  Interrelationship  between 
the  dredglng/transport/dlsposal  alternative  and  overall  contaminant  loss  must 
be  evaluated. 

Because  of  project  specific  conditions,  the  Importance  of  contaminant 
loss  during  any  phase  of  operations  will  vary.  For  hydraulic  dredging,  the 
relative  Importance  of  losses  at  various  times  and  from  various  phases  during 
the  sediment  handling  process  is  shown  below,  listed  In  order  of  decreasing 
Importance. 

a.  Short-term  loss  of  sediment  and  water. 

'j.  Long-term  loss  of  water. 

c.  Short-term  loss  of  volatiles. 

d.  Long-term  loss  of  volatiles. 

e.  Long-term  loss  of  sediment. 

For  mechanical  dredging,  a  and  b  may  be  equally  Important,  as  more  easily  sol¬ 
ubilized  contaminants  are  retained  and  available  for  possible  long-term  loss 
from  the  dredge  material.  For  hydraulic  dredging,  disposal  will  normally 
result  In  greater  short-term  loss  of  sediment  and  water  than  will  mechanical 
dredging.  Mechanical  dredging  can  result  In  greater  loss  at  the  dredging  site 
than  at  the  disposal  site.  Where  treatment  Is  not  done  or  Is  not  available, 
long-term  loss  of  water  can  be  more  Important  in  upland  situations  than  short¬ 
term  losses,  due  to  the  higher  contaminant  concentrations  that  are  possible  In 
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the  long-term  discharges.  For  volatiles,  short-term  losses  may  be  equivalent 
to  long-term  volatilization  If  In  situ  gas  volumes  are  low.  For  open-water 
disposal,  long-term  sediment  losses  can  be  more  important  than  losses  of 
volatiles. 

The  Influence  of  sediment  contamination  on  dredging/transport/disposal 
decisions  will  be  keyed  to  the  relative  magnitude  of  potential  contaminant 
releases  and  to  the  potential  Impacts  of  these  losses.  Based  on  the  above 
ranking  of  Importance,  short-term  sediment  and  water  loss  during  disposal  will 
be  the  usual  first  consideration  and  the  basis  for  selecting  disposal  method 
and  treatment  level.  Concurrently,  but  on  a  secondary  basis,  the  contribution 
of  dredging  to  this  loss  should  be  evaluated.  The  next  step  should  be  select¬ 
ing  appropriate  treatment,  monitoring,  and  remedial  response  to  address  long¬ 
term  loss  of  waterborne  contaminants.  Consideration  of  Items  c  -  e  above 
would  depend  on  sediment  and  site-specific  conditions. 

Operating  characteristics  of  dredges  have  been  discussed  In  Part  II  of 
this  report.  The  Important  characteristics  affecting  the  technical 
effectiveness  of  dredges  In  preventing  contaminant  loss  are  summarized  In 
Table  9.5  (Phillips  et  al.  1985).  Resuspension  values,  while  representative 
to  the  extent  that  they  fall  within  normal  ranges  for  a  given  dredge,  were 
derived  from  various  sources  with  unique  conditions.  Therefore,  these  values 
have  not  been  normalized  and  comparisons  between  dredging  methods  must 
acknowledge  their  variability.  In  terms  of  sediment  resuspension  at  the 
dredge  site,  this  table  Illustrates  that  special-purpose  hydraulic  dredges 
produce  less  resuspension  than  conventional  hydraulic  dredges;  and,  with  the 
exception  of  hopper  dredge  overflow,  conventional  hydraulic  dredges  produce 
less  resuspension  than  mechanical  dredges. 

In  terms  of  slurry  water  that  may  require  treatment  at  the  disposal  site, 
mechanical  dredges  do  not  produce  a  slurry;  conventional  hydraulic  dredges 
produce  abundant  slurry  water;  and  special-purpose  dredges  fall  somewhere  in 
between.  In  terms  of  cost,  dredges  are  for  the  most  part  comparably  priced. 
However,  Job-specific  factors  can  produce  substantial  cost  differences  between 
dredge  types.  Many  of  the  dredges  listed  In  the  table  are  readily  available 
for  use  in  Puget  Sound.  The  notable  exception  Is  the  group  of  special-purpose 
dredges  for  which  availability  could  be  a  major  cost  factor  to  be  considered. 
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Until  recently,  many  of  the  special-purpose  dredges  have  had  lower  pro¬ 
duction  rates  than  conventional  equipment.  This  Is  still  true  for  several  of 
these  dredges,  but  newer  equipment  such  as  the  Refresher  and  Oozer  appear  to 
have  production  rates  comparable  to  conventional  hydraulic  dredges.  For  barge 
or  hopper-hauled  dredged  material,  production  will  vary  depending  on  proximity 
of  the  disposal  site,  but  It  is  usually  less  than  what  can  be  obtained  by  a 
continuously  operating  cutterhead  dredge. 

Hydraulic  dredges  produce  less  solids  resuspension  at  the  dredging  site 
and  have  a  higher  removal  efficiency  for  liquid  and  solid  phases  than  do 
mechanical  dredges.  Hydraulic  dredges  with  passive  heads  (e.g.,  suction, 
Pneuma,  etc.)  and  shrouded  heads  (e.g..  Refreshers,  Mudcat,  etc.)  produce  less 
resuspension  than  do  exposed  active  heads  (e.g.,  cutterhead).  However,  use  of 
a  hydraulic  dredge  to  obtain  high  removal  efficiency  at  the  dredging  site 
Involves  a  tradeoff  requiring  consideration  of  slurry  water  and  sediment  con¬ 
solidation  at  the  disposal  site. 

Different  dredging  methods  appear  more  appropriate  for  certain  contami¬ 
nant  classes.  For  loss  of  volatile  contaminants  during  dredging,  mechanical 
dredges  will  likely  perform  better  than  hydraulic  dredges.  For  sediment-bound 
contaminants,  greater  removal  Is  obtained  by  hydraulic  dredges  than  by 
mechanical  dredges  and  appropriate  technology  exists  for  control  of  solids  at 
the  disposal  end.  Soluble  contaminants  can  be  removed  more  efficiently  by  a 
hydraulic  dredge,  but  they  are  difficult  to  control  at  the  disposal  end  and 
treatment  of  the  effluent  water  may  be  required. 

Most  projects  are  likely  to  contain  all  three  types  of  contamination, 
confounding  a  decision  on  appropriate  dredging  technique.  In  terms  of  overall 
contamination,  sediment-bound  contaminants  usually  represent  the  bulk  of  the 
contamination,  suggesting  use  of  hydraulic  equipment  for  maximum  recovery  and 
extraction  efficiency.  The  amount  of  volatiles  that  may  be  lost  during  dredg¬ 
ing  are  not  likely  to  be  a  source  of  major  concern  In  many  projects.  There¬ 
fore,  as  the  types  and  amount  of  soluble,  or  easily  solubilized,  contaminants 
Increase  in  a  sediment  to  be  dredged,  greater  consideration  should  be  given  to 
the  relative  cost  and  environmental  Impact  of  mechanical  dredging  with  water¬ 
tight  equipment  to  that  of  hydraulic  dredging  and  water  treatment  at  the  dis¬ 
posal  site.  This  evaluation  Is  likely  to  be  the  key  to  selecting  a  dredge  for 
a  given  contaminated  sediment. 


A  variety  of  equipment  modifications,  discussed  in  Part  II,  are  appro¬ 
priate  for  dredging  contaminated  sediment.  Many  of  the  practices  that 
Increase  production  of  a  hydraulic  dredge  will  also  reduce  sediment  resuspen- 
slon  and  contaminant  loss.  The  walking  spud  and  ladder  pump  are  prime 
examples.  Production  meters  installed  In  the  pipe  will  contribute  to  reduced 
resuspension  and  are  readily  available  and  adaptable  to  existing  equipment. 

Use  of  large,  watertight  buckets  will  substantially  reduce  sediment  resuspen- 
slon  and  loss  of  Interstitial  water  during  mechanical  dredging. 

Operational  modifications  to  be  considered  for  hydraulic  cutterhead 
dredges  Include  minimizing  cutter-revolution  speed,  controlling  swing  speed, 
and  not  overdlgglng  the  maximum  cut  depth.  Additional  research  Is  ongoing  to 
quantify  the  effect  of  these  practices.  The  problem  of  limiting  the  environ¬ 
mental  Impact  of  dredging  contaminated  sediment  through  reducing  resuspension 
of  sediment  Is  being  addressed  by  the  WES  of  the  Corps  of  Engineers  under  a 
research  program  known  as  the  Improvement  of  Operation  and  Maintenance  Tech¬ 
niques  (lOMT)  Program.  For  hopper  dredges,  operating  In  sandy  silt  or  silty 
sand  without  overflow  can  have  a  significant  Impact  on  cost.  Therefore,  It 
may  not  be  practical  to  use  a  hopper  dredge  for  projects  with  high  concentra¬ 
tions  of  soluble  contaminants.  For  mechanical  dredging,  sweeping  tue  bottom 
with  the  bucket  and  digging  fine-grained  sediment  from  underneath  (heavy 
buckets  penetrating  through  soft  surface  materials)  are  practices  to  be 
avoided  In  contaminated  areas.  During  first-time  use  of  modifications,  such 
as  operator  controls  or  operational  modifications,  serious  consideration 
should  be  given  to  hourly  rental  of  dredging  equipment.  This  ."pproach,  as 
opposed  to  bidding  may  help  maintain  control  of  project  costs  and  better 
define  cost  factors. 

Short-term  losses  of  soluble  contaminants  represent  the  key  In  selecting 
dredge  type.  These  losses  can  be  estimated  by  assuming  a  slow  rate  of  contam¬ 
inant  transfer  between  phases  during  dredging  and  using  a  modified  elutriate 
test.  For  hydraulic  dredging,  test  results  are  used  to  predict  weir  concen¬ 
trations  (total  and  dissolved)  expected  for  a  given  site.  Predicted  values 
can  be  compared  against  decisionmaking  criteria  with  or  without  consideration 
of  dilution  in  the  receiving  waters.  It  is  more  difficult  to  predict  losses 
for  mechanical  dredging.  Bucket  size,  sediment  characteristics,  and  other 
job-specific  factors  will  Influence  the  actual  losses  in  the  field.  As  a 
usual  rule,  within  the  options  that  are  generally  considered  for  large-volume 
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dredging  of  sediments  with  low-level  contaminants,  hydraulic  dredging  with 
particulates  control  will  likely  provide  greater  confinement  per  given  cost 
than  will  mechanical  with  watertight  equipment  for  situations  where  a  low  per¬ 
centage  of  the  contamination  is  soluble.  As  the  percentage  of  soluble  con¬ 
taminants  Increases,  the  conf inement-per-cost  Indicator  will  begin  to  favor 
the  mechanical  approach. 

However,  when  considering  high-level  contaminated  sediment,  the  greater 
extraction  and  transport  efficiency  of  hydraulic  dredging  is  an  important  fac¬ 
tor.  Overall,  the  technology  for  addressing  contaminated  sediment  is  better 
known  for  hydraulic  dredges  than  for  mechanical  dredges. 

Selection  of  a  dredge  requires  consideration  of  all  the  factors  discussed 
In  Part  II  and  of  the  disposal  and  treatment  options  available.  Several 
dredges  may  be  able  to  meet  criteria  by  employing  one  or  many  of  the  available 
dredging  techniques.  Therefore,  Identification  of  the  criteria  that  are  to  be 
met  is  the  first  and  most  Important  task  in  selecting  appropriate  equipment. 

Evaluation  of  disposal  methods  with  the  idea  of  defining  the  appropriate 
and  most  efficient  means  of  confining  contaminants  in  the  long  term  is  diffi¬ 
cult.  Contaminants  gradually  will  move  back  into  the  environment  from  wher¬ 
ever  they  are  placed.  The  factors  that  Influence  the  speed  with  which  they 
will  release  from  the  disposal  site  are  the  mobility  of  the  contaminant,  the 
phase  with  which  the  contaminant  has  associated  itself  in  the  sediment  (gas, 
liquid,  solid),  and  the  physical/chemical  environment  into  which  the 
contamlnr.nt  has  been  placed.  Given  that  most  projects  will  contain  more  than 
one  class  of  contaminants,  the  evaluation  becomes  complex  and  variable. 

The  key  considerations  involved  with  disposal  method  effectiveness  are: 

a.  The  class  of  contaminants  of  concern. 

b.  The  similarity  of  the  disposal  site  conditions  to  in  situ  conditions. 

c.  The  number  and  magnitude  of  transport  mechanisms  operating  at  the 
disposal  site. 

d.  The  degree  of  control  or  treatment  possible  to  intercept  migrating 
contaminant  fractions. 

e.  The  risk  of  significant  adverse  effects  from  contaminants  released  by 
the  disposal  method. 


Table  9.6  provides  the  major  evaluation  factors  pertinent  to  disposal 
methodology  and  rates  the  three  general  disposal  methods  against  Chose 
factors. 

It  is  important  to  know  what  classes  of  contaminants  are  associated  with 
the  sediment,  what  phase  the  contaminants  are  associated  with  in  the  sediment, 
and  how  they  are  partitioned  between  phases  in  situ  in  order  to  predict  long¬ 
term  mobility.  In  general,  leaving  or  disposing  of  contaminated  sediment  in  a 
chemical  environment  as  close  as  possible  to  their  in  situ  state  favors 
contaminant  retention  (especially  metals).  However,  placing  the  sediment  into 
different  or  into  shifting  physical  or  chemical  environments  (upland  and 
nearshore)  will  encourage  some  contaminants  to  move  between  phases.  Geo¬ 
chemical  changes  associated  with  air  and  oxygen  in  these  disposal  sites  can 
change  sediment  pH  (mobilizing  metals)  and  alter  sediment  organic  carbon 
(mobilizing  organics).  For  organic  contaminants,  the  influence  of  these  geo¬ 
chemical  changes  on  contaminant  mobility  may  be  outweighed  by  the  effect  of 
water  exchange  occurring  at  the  site.  It  is  also  important  to  note  that  while 
contaminant  mobility  and  release  can  serve  to  define  disposal  method  effec¬ 
tiveness,  release  of  contaminants  will  have  different  environmental  effects  in 
different  disposal  sites  (l.e.,  greater  mobility  at  one  site  may  be  less 
damaging  than  lesser  mobility  at  another  site). 

Transport  mechanisms  have  been  Identified  and  explained  in  the  DMF  (Lee 
et  al.  1985)  for  the  several  disposal  methods  and  designs.  Open-water  sites, 
especially  those  in  deep  water,  have  fewer  mechanisms  (air  is  absent)  than 
upland  sites.  Nearshore  sites  have  the  most  transport  routes  available  and 
are  located  in  a  very  active  environment;  therefore,  nearshore  disposal  is  the 
least  preferred  method  from  a  contaminant  confinement  point  of  view. 

In  general,  contaminants  bound  tightly  to  sediment  are  the  easiest  to 
handle  and  contain.  Disposal  method  considerations  involve  maximizing  con¬ 
tainment  of  solids  within  the  disposal  site.  Upland  and  nearshore  disposal 
offers  the  greatest  potential  for  retaining  dredged  material,  whether 
hydraulically  or  mechanically  dredged.  Open-water  disposal,  because  of  depth 
and  currents,  allows  some  fraction  of  the  disposed  material  to  escape.  Since 
the  material  that  would  normally  escape  is  fine  grained  and  more  typically 
associated  with  chemical  contaminants,  open-water  disposal  is  less  efficient 
at  accepting  discharges  of  contaminated  sediments.  There  are  other  consider¬ 
ations,  however.  Aerobic  and  unsaturated  conditions  favor  release  of  heavy 


Disposal 

Method 

Geochemical 
Effect  on 
Contaminant 
Mobilization 

Magnitude  of 
Contaminant 
Transport 
Mechanisms 

Available 

Control/ 

Treatment 

Options 

Open-water, 

capped 

Low 

Diffusion:  high 

Convection:  medium 

Bloturbatlon:  varies 

Erosion:  medium 

Few 

Upland, 

confined 

High 

Diffusion:  low 

Convection:  low 

Volatilization:  high 

Bloturbatlon:  varies 

Erosion:  low 

Many 

Nearshore , 
confined 

High  in 

unsaturated 

zone;  medium 

in  saturated 

Diffusion:  high 

Convection:  high 

Volatilization:  high 

Bloturbatlon:  varies 

Some 

Environmental 
Risks  From 
Contaminant 
Release 

Low  doe  to 

dilution 

(resource 

risk) 

Varies  by 
contaminant 
(human  health 
risk) 

Medium 
(human 
health  & 
resource 


zone 


Erosion:  low 


risks) 


metals  from  sediment  surfaces  Into  solution.  Sediment  placed  In  upland  and  In 
the  unsaturated  nearshore  disposal  sites  would  be  subjected  to  chemical 
stresses  (oxidation,  pH  decrease,  activation  of  other  compounds)  due  to  the 
less  stable  (In  the  long  term)  environment.  Contaminant  fractions  would 
release  as  gas  or  Into  solution  and  migrate  along  seeps  or  leach  Into  ground 
water.  For  heavy  metals,  disposal  In  open  water  eliminates  the  conditions 
favoring  release  and  aids  retention.  However,  contaminated  sediment  rarely 
contains  only  heavy  metals.  Though  many  of  the  organic  contaminants  found  In 
Commencement  Bay  are  relatively  hydrophobic  and  have  high  sorption  coeffi¬ 
cients,  there  Is  no  known  way  to  keep  organics  bound  to  the  sediment,  and  all 
are  somewhat  soluble.  Placing  these  compounds  In  saturated  conditions  with 
high  water  exchange  greatly  favors  contaminant  mobility.  In  these  terms,  the 
nearshore  has  greater  water  exchange  than  the  upland,  and  upland  has  greater 
exchange  than  open  water. 

Volatile  contaminant  fractions  may  be  lost  during  dredging  or  be  released 
only  under  unsaturated  conditions.  The  key  to  the  mobility  of  volatiles  Is 
the  extent  of  surface  area  and  length  of  time  exposed  to  air.  Material  that 
has  been  hydraulically  dredged  will  probably  have  lost  all  in  situ  gases  by 
the  time  it  is  placed  in  the  disposal  site.  Slurry  placed  into  an  open-water 
site  may  still  contain  a  small  percentage  of  entrained  gases  that  will  release 
until  the  site  is  capped;  mechanically  dredged  material  will  still  retain  most 
of  its  in  situ  gases.  Once  capped,  the  stable  saturated  conditions  underwater 
will  result  In  losses  of  volatiles  about  an  order  of  magnitude  less  than  the 
other  disposal  methods  due  to  less  air  exchange.  Sediments  placed  In  upland 
disposal  sites  will  drain,  and  volatilization  will  occur.  Disposal  In  near¬ 
shore  environment  will  result  In  greater  release  from  the  unsaturated  layer 
than  the  saturated  layer.  Mechanically  dredged  material  that  requires 
rehandling  (for  transport  to  or  within  the  disposal  site)  will  tend  to  lose 
volatiles  more  readily  than  slurried  sediments  or  than  sediments  that  are  not 
rehandled.  Over  longer  periods  of  time,  in  situ  gases  will  likely  build  up  In 
the  sediment  and  provide  a  mechanism  for  loss  of  volatiles.  This  loss  Is  not 
likely  to  be  a  source  of  major  concern  for  most  projects. 

Soluble  contaminants,  or  contaminants  with  the  greatest  potential  to  go 
into  solution  under  certain  conditions,  are  of  more  concern  because  these  are 
less  readily  contained.  Soluble  contaminants  in  situ  at  the  time  of  disposal 
will  be  lost  if  hydraulically  discharged  in  open  water  or  may  require 


treatment  as  effluent  from  upland  or  nearshore  confined  sites.  In  the  efflu¬ 
ent,  these  contaminants  will  be  diluted  by  the  volume  of  new  water  slurried. 
Mechanically  dredged  sediment  would  retain  more  Interstitial  water  and  there 
would  be  less  quantity  to  treat,  although  contaminant  concentrations  would  be 
higher.  In  the  longer  term,  contaminated  sediment  placed  in  open  water  will 
lose  its  soluble  fraction  to  diffusion  and  convection;  although  this  release 
will  be  gradual  due  to  the  reduced  magnitude  of  transport  mechanisms.  Mate¬ 
rial  placed  In  upland  disposal  sices  also  will  tend  to  release  Its  soluble 
fractions  over  time.  Due  to  the  more  active  physical  processes  (precipita¬ 
tion,  ground-water  infiltration,  etc.)  and  the  unstable  chemical  environment, 
this  release  will  be  more  rapid  than  in  open  water;  however,  it  also  will  be 
more  concentrated  and  easily  Intercepted.  The  near-shore  environment  is  the 
most  active,  having  all  of  the  transport  mechanisms  of  the  uplands  and  the 
addition  of  much  more  active  water  exchange  than  in  the  open  water  due  to 
tidal  activity. 

Therefore,  in  terms  of  contaminant  retention,  disposal  method  selection 
is  more  a  matter  of  controlled  release  than  total  confinement.  Control  of  the 
releases  and/or  concern  with  the  effects  of  the  release  must  be  considered. 
Beyond  designation  of  the  type  of  cap  or  liner  thickness,  open-water  disposal 
allows  for  very  limited  control  of  releases.  This  retards  contaminant  mobil¬ 
ity  and  encourages  a  constant  gradual  release  to  the  overlying  water  body  once 
the  cap  has  been  saturated  by  the  migrating  contaminants.  The  levels  of  con¬ 
taminant  concentration  released  will  be  low  and  will  be  diluted  by  the  over- 
lying  water.  The  risk  of  significant  damage  in  this  environment  is  low  and 
would  not  likely  affect  human  health.  Upland  disposal,  on  the  other  hand, 
allows  for  the  greatest  control,  through  design  considerations,  monitoring 
capabilities,  backup  contaminant  intercept  systems,  and  treatment  facilities. 
Environmental  risks  Incurred  may  be  higher  than  in  open  water  because  of 
potential  human  health  concerns.  The  nearshore  disposal  option  does  allow  for 
some  greater  control  of  contaminants  than  in  open  water,  but  many  fewer  than 
are  available  in  an  upland  situation.  In  addition,  the  risks  to  the  environ¬ 
ment  and  to  human  health  are  much  greater  than  in  open  water  and,  in  most 
situations,  are  greater  than  at  an  upland  site.  Looking  ahead  to  development 
of  criteria  for  appropriate  disposal  methods,  the  Interplay  of  site  control 
and  contaminant  mobility  suggests,  as  a  generalization,  that  nearshore  sites 
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should  receive  the  low-level  contamination,  open-water  sites  the  low-  to 
medium-level  contamination,  and  upland  sites  the  high-level  contamination. 

If  an  alternative  survives  the  noncost  screening  criteria,  a  preliminary 
cost  screening  is  performed.  The  object  of  cost  screening  is  to  eliminate 
alternatives  that  have  significantly  higher  costs,  but  that  do  not  provide 
significantly  greater  environmental  benefits  or  reliability.  Although  guid¬ 
ance  varies  on  the  cutoff  to  be  used,  typical  criteria  call  for  the  elimina¬ 
tion  of  those  alternatives  with  costs  an  order  of  magnitude  greater  than  other 
alternatives  providing  essentially  the  same  environmental  benefits  or 
reliability. 

In  preparing  the  cost  estimates  for  screening,  certain  limiting  factors 
should  be  considered  to  control  the  level  of  effort  expended  in  compiling  the 
estimates.  These  factors  include  accessibility  of  data  sources,  the  time 
available,  and  the  acceptable  degree  of  accuracy.  VThere  possible,  costs 
should  be  based  on  standard  cost-guidance  references.  In  many  cases,  partic¬ 
ularly  for  emerging  technologies,  accurate  costs  will  be  difficult  to  develop. 
The  time  for  preparing  the  screening  cost  estimates  should  be  limited  to  a  few 
days.  The  objective  in  calculating  the  screening  level  costs  is  an  accuracy 
within  -50  to  +  100  percent  (USEPA  1985). 

Costs  include  capital,  operating,  and  maintenance  costs.  Capital  costs 
should  Include  the  following: 

a.  Relocation  costs. 

b.  Costs  of  land  acquisition  or  obtaining  permanent  easements. 

c.  Land  and  site-development  costs. 

d.  Cost  of  buildings  and  services. 

e.  Equipment  costs. 

f.  Replacement  costs. 

g.  Disposal  costs. 

h.  Engineering  expenses. 

I.  Construction  expenses. 

J.  State  and  local  legal  fees,  licenses,  and  permit  costs. 

k.  Contingency  allowances. 

l.  Startup  and  shake-down  costs. 

m.  Costs  of  anticipated  health  and  safety  requirements  during 
construction. 
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Operation,  maintenance,  and  monitoring  costs  include: 

a.  Operating  labor  costs. 

b.  Maintenance  materials  and  labor  costs. 

c.  Costs  of  auxiliary  materials  and  energy. 

d.  Purchased  service  costs. 

e.  Administrative  costs. 

f.  Insurance,  taxes,  and  licensing  costs. 

g.  Maintenance  reserve  and  contingency  fund. 

The  costs  of  dredging/ transportation/disposal  of  contaminated  sediment  is 
extremely  variable  and  depends  on  a  number  of  site-specific  factors.  Phillips 
et  al.  (1985)  identified  the  cost  factors  in  a  checklist  which  is  presented  in 
Table  9.7. 

Of  the  three  phases  of  a  dredging  operation,  the  unit  cost  of  dredging  is 
probably  the  most  variable.  For  example,  the  cost  of  mobilizing  a  dredge  will 
vary  with  equipment  availability  and  will  be  amortized  Into  the  quantity  of 
material  being  dredged.  As  the  distance  between  the  disposal  site  and  dredg¬ 
ing  location  Increases,  the  requirement  for  additional  barges,  pipeline 
booster  pumps,  or  hopper  downtime  will  affect  cost.  Production  rates  (which 
can  vary  greatly  for  different  equipment,  physical  sediment  characteristics, 
and  site  conditions)  also  will  affect  cost.  However,  the  traditional  con¬ 
siderations  of  production  rates  and  cost  must  be  considered  in  reference  to 
the  objective  of  efficient  removal  of  contaminants.  In  some  cases,  opera¬ 
tional  conditions  that  maximize  production  rates  will  also  Improve  contaminant 
confinement  (e.g.,  high  solids  concentrations  for  pipeline  dredging).  In 
other  cases.  Improved  production  will  result  in  greater  contaminant  loss 
(e.g.,  hopper-dredge  overflow).  Table  9.8  summarizes  typical  costs  for  var¬ 
ious  types  of  dredging. 

The  dredges  themselves  are  for  the  most  part  comparably  priced  and  do  not 
account  for  most  of  the  cost  variability.  However,  job-specific  factors  can 
produce  substantial  cost  differences  between  dredge  types.  Many  of  the 
dredges  described  are  readily  available  for  use  in  Puget  Sound.  The  notable 
exception  is  the  group  of  special-purpose  dredges  for  which  availability  could 
be  a  major  cost  factor  to  be  considered. 

Hydraulic  pipeline  cutterhead  dredges  generally  have  the  widest  range  of 
application  of  dredge  types  and  are  usually  also  among  the  least  expensive  to 


Table  9.7 

Cost  Factors  Checklist  /v.'. 

Dredging 

Dredge  type  and  equipment  modifications 
Equipment  mobilization  and  demobilization 
Transport  distance  and  vertical  lift 
Transport  method 
Production  rate 
Operational  modifications 

Disposal 

Site  acquisition 
Site  information  needs 
Site  preparation 

Discharge  controls  (weirs,  vertical  diffuser) 

Control  and  Treatment 
Flow  rate 

Level  and  type  of  treatment 

Treatment  end-products  management  (e.g..  sludge  disposal) 


Monitoring 

Types  of  monitoring 
Frequency  of  monitoring 
Duration  of  monitoring 

Remedial  response  to  monitoring  indications 


Table  9.8 

Typical  Dredge  Characteristics  and  Costs* 


Size  or 

Production 

Capacity 

Rate,  cu  yd/hr 

Cost  Per  Cubic  Yard 

Cutterhead** 

6 

71 

5.00 

8 

79 

4.50 

10 

225 

4.00 

Pipeline 

12 

405 

3.50 

diameter. 

14 

525 

2.15 

In. 

16 

656 

1.80 

20 

1,024 

1,50 

24 

1,211 

1.35 

30 

1,875 

1.20 

Hoppert 

Hopper 

capacity. 

3,000 

with  overflow 

1,200 

1.39 

cu  yd 

3,000 

without  overflow 
(If  nec.) 

600 

3.03 

Bucketit 

Bucket 

5 

200 

2.50 

size,  cu  yd 

15 

650 

1.60 

Suction 

25-5,000 

1.50 

Dustpan 

- 

25-5,000 

1.50 

Mudcat 

- 

60-150 

1.50 

Pneuma 

- 

60-390 

1.05-3.05 

Oozer 

- 

450-650 

Clean-Up 

500-2,000 

1.23 

*  Values  shown  are  representative  for  Commencement  Bay  for  the  cutterhead, 
hopper,  and  bucket  dredges.  Values  for  other  dredges  were  derived  by 
relation  to  conventional  equipment.  Variability  may  exceed  t  a  factor 
of  2-3. 

**  Mobilization  costs  not  Included.  Price  based  upon  1-mlle  transport  dis¬ 
tance,  20-ft  lift,  soft  sandy  silt  material,  1983  pricing,  and  maximum 
single-pass  excavation  depth. 

t  Based  upon  35  cu  yd/mlnute  pumping,  8  knots  average  dredge  speed, 

5  minutes  for  disposal,  silty  sand  shoaled  materials,  80  percent  effec¬ 
tive  working  time,  3  miles  distance  to  disposal  site,  and  cost  of  dredge 
operation  at  |1, 300/hr. 

tt  Based  upon  dredging  silty  sand  with  disposal  site  at  a  3-mlle  transport 
distance,  and  1983  prices. 
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operate.  Their  widespread  use  and  availability  Is  an  Important  cost  factor. 
There  are  many  cutterhead  dredges  available  In  the  Northwest.  Conventional 
cutterhead  dredges  are  not  self->propelled  and  require  towboats  to  move  them 
between  dredging  locations.  Thus,  mobilization  and  setup  are  major  and  costly 
undertakings.  A  large  dredge  can  cost  between  $150,000  and  $200,000  to  mobi¬ 
lize  and  demobilize.  Large-  to  medium-sized  pipeline  dredges  should  only  be 
considered  for  use  on  projects  where  quantities  to  be  dredged  are  sufficient 
to  spread  mobilization  costs. 

The  costs  per  cubic  yard  for  the  suction  and  dustpan  dredges  are  compar¬ 
able  to  those  for  cutterhead  pipeline  dredges  as  Is  shown  In  Table  9.8.  Since 
all  dustpan  dredges  are  located  on  the  Mississippi  River  at  this  time,  reloca¬ 
tion  of  any  of  these  dredges  would  be  an  Important  cost  factor. 

Operational  costs  for  hopper  dredges  range  from  $700/per  hour  to  over 
$2, 000/per  hour.  Table  9.8  shows  cost  and  production  rates  for  a  hopper 
dredge  working  In  a  Commencement  Bay  waterway  and  disposing  at  the  existing 
DNR  open-water  disposal  site.  Since  hopper  dredges  are  self-propelled,  mobil¬ 
ization  and  demobilization  costs  are  usually  not  a  significant  factor  In  their 
use. 

Very  little  Information  exists  on  the  cost  of  using  special-purpose 
dredges,  either  due  to  lack  of  experience  or  to  the  proprietary  nature  of 
these  machines.  Typically,  these  dredges  are  used  In  relation  to  material 
requiring  some  degree  of  special  handling  and  predlsposal  treatment.  In  these 
cases,  treatment  and  disposal  would  represent  the  bulk  of  the  cost  and  would 
be  the  cost  controlling  factors,  not  the  dredging.  Available  cost  Information 
usually  does  not  make  the  distinction  between  dredging  and  treatment  costs. 
Modifications  of  conventional  equipment  (such  as  the  Clean-up  or  Refresher 
dredges) ,  once  Installed  and  without  considering  developmental  maintenance 
costs,  would  move  material  at  a  cost  proportional  to  production  rate  obtained 
and  comparable  to  conventional  equipment.  The  Pneuma  pump,  on  certain  smaller 
jobs  such  as  berth  cleaning,  has  been  shown  to  be  more  cost  effective  than  a 
cutterhead  dredge. 

The  bucket  dredge  typically  operates  at  speeds  of  30  to  60  buckets  per 
hour.  Larger  buckets  generally  resuspend  less  material  per  cubic  yard  removed 
and  are  most  cost  effective.  Table  9.8  compares  cost,  production  rates,  and 
dredging  depths  for  medium  and  large  bucket  dredges.  These  dredges  are 


abundantly  available  in  the  Pacific  Northwest;  consequently  mobilization  costs 
are  not  a  significant  cost  factor. 

Phillips  et  al.  (1985)  presented  an  excellent  discussion  of  the  costs 
associated  with  various  disposal  options.  This  discussion  is  briefly  summa¬ 
rized  below. 

The  costs  of  contaminated  dredged  material  depends  on  three  major  fac¬ 
tors;  site  acquisition,  site  preparation,  and  control/treatment  requirements. 
Each  of  these  Is  highly  site-specific  and  general  cost  information  is  not 
readily  available.  Phillips  et  al.  (1985)  developed  site-preparation  costs 
for  five  upland  and  eight  nearshore  disposal  sites  (Table  9.9)  and  costs  for 
several  site  control  alternatives  (Table  9.10).  In  addition  to  these  costs, 
the  treatment  of  liquid  wastes  must  also  be  considered.  Tables  9.11  and  9.12 
present  data  for  cost  associated  with  various  levels  of  treatment  for  30-  and 
80-acre  upland  disposal  sites,  respectively  (Phillips  et  al.  1985). 

The  selected  disposal  method  will  have  less  Influence  on  cost  than  will 
the  specific  disposal  site,  l.e.,  the  key  to  cost  evaluation  of  disposal  is 
not  necessarily  the  method  (open-water,  nearshore,  or  upland),  but  the  loca¬ 
tion  of  the  particular  disposal  site  and  the  site  preparation  needs  It  might 
require.  Open-water  disposal,  for  which  there  are  normally  no  acquisition 
costs,  may  have  a  total  cost  comparable  to  the  other  methods  due  to  site  prep¬ 
aration  costs  (if  needed),  capping  volumes  necessary  (resulting  in  increased 
dredging  volumes  and,  hence,  total  cost),  and  the  greater  difficulty  in  moni¬ 
toring.  Site  preparation  costs  for  the  other  two  methods  are  roughly  similar, 
although  they  can  vary  widely  based  on  specific  site  conditions. 

Open-water  disposal  costs  are  normally  relatively  low  for  uncontaminated 
materials c  For  contaminated  material,  costs  will  increase  depending  upon  the 
selected  methods  of  site  preparation  and  material  placement,  and  upon  measures 
taken  to  control  contaminant  release,  such  as  capping  and  cap  thickness.  The 
use  of  an  underwater  diffuser  Increases  open-water  disposal  cost.  The  con¬ 
struction  or  acquisition  cost  of  an  underwater  diffuser  is  estimated  to  be 
between  $50,000  and  $100,000;  however,  no  commercial  firms  are  manufacturing 
diffusers  at  this  time.  A  crane  and  barge  would  be  required  to  operate  the 
diffuser,  and  this  would  Increase  disposal  costs  by  an  additional  $.50  per 
cu  yd  to  $.75  per  cu  yd.  If  materials  from  a  barge  or  hopper  dredge  are 
reslurrled  and  pumped  through  the  diffuser,  cost  would  increase  an  additional 
$.75  to  $1.25  per  cu  yd.  For  smaller  or  one-time  dredging  projects.  It  Is 

9.81 


Table  9.9 

Disposal  Site-Preparation  Costs* 


Location 

Capacity 

10^  cu  yd 

Dike  and 

Weir  Costs 

Preparation 

Cost  per 

Cubic  Yard.  $ 

Upland  Sites 

Puyallup  Mitigation 

1000 

185 

0.19 

Port  of  Tacoma  "D" 

100/1550* ** 

62/275** 

0.62/0.18 

Puyallup  River/Railroad 

1300/3300** 

505/1675** 

0.39/0.51 

Port  of  Tacoma  "E" 

1700 

250 

0.15 

Hylebos  Creek  Nos.  1  &  2 

775/1775** 

264/1000** 

0.34/0.56 

Nearshore  Sites 

Middle  Waterway 

650 

303 

0.47 

Milwaukee  Waterway 

2160 

925 

0.43 

Blair  Waterway  Outer  Slip 

892 

788 

0.88 

Blair  Waterway  Middle  Slip 

945 

412 

0.44 

Blair  Waterway  Inner  Slip 

600 

341 

0.57 

Blair  Graving  Dock 

200 

90 

0.45 

Hylebos  Waterway  No.  1 

1274 

615 

0.48 

Hylebos  Waterway  No.  2 

300 

295 

0.98 

*  Site-acquisition  costs  not  Included 

**  +20  ft  KLLW/+35  ft  MLLW. 


Table  9.10 

Cost  of  Disposal  and  Site  Control  Alternatives 
For  Contaminated  Sediments* 


Actlvlt\ 


Disposal 


Site  preparation 

-  upland /nearshore 
Weir  Construction 

-  upland 

-  nearshore 

Diking  -  Imported  materials 

-  onsite  materials 
Open-water  vertical  diffuser 

-  construction 

-  operation 

Offsite  material  transport 

-  truck 

-  barge 


Site  Control 

Open-water  capping  material 
Liners  -  soil  (volume) 

-  soil  (area) 

Surface  covers 
Underdrains 


Sediment  Stabilization 

-  lime 

-  dust  pallatlves 

-  water  sprinkling 


Cost** 


$500,000t 

$25,000 
$35,000 
$4  cu  yd 
$1  cu  yd 

$50,000  -  $100,000 
+$1-2  cu  yd 

+$,20  cu  yd/ml 
+$.20-. 2 5  cu  yd/tni 


$1.40/cu  yd 
$16. 29-18. 29/cu  yd 
$1.81-2.03/ft^ 
$1. 27-24. 20/yd^ 
$2,500/ac 


$10, 000-14, 000/ac 
$ 1,000-1 7, 000/ac 
$2, 000/ac 


*  Treatment  costs  not  Included  because  of  their  dependence  on  flow  rates. 
**  U.S.  dollars,  January  1984. 

t  Average  for  potential  sites  Identified  In  Commencement  Bay.  Includes 
diking  and  weir  costs. 


9.83 
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*  Costs  for  site  control  and  treatment  at  an  upland  site  cannot  be  directly  compared  to  costs  for 
nearshore  site;  treatment  levels  contain  different  site  control  options. 

**  LEVEL  III  -  Total  cost  includes  Option  1  Carbon  Adsorption  plus  Option  2  Ozonation. 


roughly  estimated  that  the  use  of  the  diffuser  would  Increase  the  disposal 
cost  of  cutterhead  pipeline  dredged  materials  $1  per  cu  yd  and  Increase  the 
cost  of  hopper  dredged  or  clamshell  dredged  material  over  $2  per  cu  yd.  For 
larger  projects,  these  costs  can  be  expected  to  be  somewhat  less. 

The  costs  of  capping  contaminated  material  discharged  at  an  open-water 
disposal  site  will  either  be  an  additional  cost  (If  the  cap  material  Is  being 
dredged  solely  to  provide  a  source  of  cap  material)  or  part  of  the  overall 
dredging  cost  (If  the  cap  material  Is  part  of  the  required  dredging). 

Unconflned  mounding  of  contaminated  sediments  generates  a  relatively 
large  surface  area  to  be  covered.  Assuming  disposal  of  100,000  cu  yd  of  con¬ 
taminated  material.  It  Is  estimated  that  the  cap  volume  to  provide  3  feet  of 
cover  would  range  between  three  and  five  times  the  disposal  volume.  A  volume 
of  four  times  was  selected  (400,000  cu  yd)  to  be  placed  by  hopper  dredge 
bottom  dump.  With  a  cost  of  capping  material  (dredging,  transport,  and  dis¬ 
charge)  estimated  at  $1.50  per  cu  yd,  the  total  cost  for  this  cap  would  be 
$600,000. 

Confining  the  contaminated  material  by  burial  in  a  depression  (possibly 
with  partial  underwater  diking)  results  in  less  surface  area  requiring  cover 
and  allows  the  use  of  a  vertical  pipeline  diffuser.  For  the  same 
100,000  cu  yd  disposal,  only  an  additional  100,000  cu  yd  of  clean  material  was 
assumed  to  provide  adequate  cover.  Use  of  a  cutterhead  pipeline  dredge  at  a 
base  cost  of  $1.50  per  cu  yd,  and  adding  to  this  the  Increased  cost  of  the 
diffuser  system  at  $1  per  cu  yd,  capping  costs  would  be  $250,000.  Use  of  a 
vertical  pipe  allows  construction  of  underwater  diking  at  a  cost  comparable  to 
capping  (about  $2.50  per  cu  yd).  Diking  may  totally  encircle  the  site  or  be 
in  combination  with  existing  natural  features  (e.g.,  rock  outcrop).  This 
design  Is  more  expensive  than  deep-water  mounding  due  to  site  preparation  but 
may  be  easier  to  cap. 

Cost  of  upland  disposal  will  vary  according  to  specific  site  characteris¬ 
tics.  Factors  Include  ownership  of  the  site,  amount  of  site  preparation 
necessary,  distance  from  the  dt'dge  site  (may  include  transportation  method), 
and,  for  the  disposal  of  contaminated  materials,  the  amount  of  treatment  and 
monitoring  required  both  during  and  after  disposal  and  capping. 

Where  existing  ground  elevation  Is  higher  because  of  previous  fills,  the 
existing  surface  material  may  be  utilized  for  diking.  Use  of  existing  mate¬ 
rials  would  reduce  the  cost  of  diking  to  approximately  $1  per  cu  yd.  While 


coarser  fill  materials  are  easier  to  use  for  diking,  finer  soils  that  can  be 
Included  In  diking  will  reduce  leakage  of  effluent  water  through  the  dike.  An 
associated  cost,  though  one  not  Included  In  our  analyses.  Involves  the  ulti¬ 
mate  use  of  the  land  filled.  If  disposal  can  be  designed  to  ultimately  allow 
development  to  occur,  at  least  some  of  the  Initial  costs  of  disposal  may  be 
recoverable.  This  is  not  possible  for  open-water  disposal. 

The  cost  factors  for  confined  disposal  sites  are  described  under  upland 
disposal.  Costs  for  nearshore  disposal  site  preparation  are  normally  higher 
than  for  upland  as  an  adequate  foundation  for  dikes  and  the  weir  must  be  pro¬ 
vided.  For  the  weir  alone,  additional  cost  was  estimated  at  about  $10,000  for 
a  total  estimate  of  $35,000.  The  primary  cost  advantage  of  nearshore  disposal 
over  open-water  or  upland  disposal  is  that  nearshore  sites  are  normally 
located  close  to  the  dredging  slte(s),  saving  transportation  costs.  Addition¬ 
ally,  most  nearshore  sites  are  ultimately  planned  to  be  developed  so  some  cost 
recovery  can  be  anticipated. 

After  developing  the  cost  data  for  each  alternative,  these  data  must  be 
reduced  to  either  present  worth  or  equivalent  annual  cost  to  enable  direct 
comparison.  This  analysis  should  be  based  on  the  0MB  prescribed  discount 
rate,  currently  10  percent.  However,  a  sensitivity  analysis  using  alternate 
discount  rates  may  be  desirable. 

The  screening  process  yields  a  set  of  alternatives  that  are  of  sufficient 
value  to  warrant  detailed  evaluation.  Ideally,  the  set  of  Initial  alterna¬ 
tives  will  be  ranked  in  accordance  with  their  relative  merits. 


Phase  IV:  Detailed 
Evaluation  and  Ranking 

The  evaluation  of  alternatives  Involves  a  determination  of  criteria  for 
each  alternative  and  a  systematic  comparison  of  alternatives  so  that  a  deci¬ 
sion  can  be  made.  The  relative  effort  put  into  determination  of  values  for 
the  criteria  for  each  alternative  will  depend  on  the  emphasis  or  relative 
weighting  given  the  criteria.  Nine  evaluation  criteria  have  been  proposed  and 
were  discussed  previously.  Only  two  of  these  criteria  can  easily  be  given 
quantitative  values;  initial  cost  and  operation  and  maintenance  cost  can  be 
valued  in  terms  of  dollars  (either  present  or  annual  value).  The  remaining 
criteria  need  to  be  valued  qualitatively  to  provide  some  sort  of  relative 
ranking  of  different  alternatives.  Going  one  step  further,  quantitative 


values  for  each  criterion  can  be  assigned,  corresponding  to  the  qualitative 
descriptions.  As  an  example  of  how  such  an  approach  can  be  used,  Table  9.13 
presents  rankings  for  the  qualitative  criteria.  The  operation  and  maintenance 
criterion  is  also  Include  in  Table  9.13  since  It  has  aspects  that  are  diffi¬ 
cult  to  quantify,  such  as  operator  skills,  etc.  Tables  9.14  and  9.15  provide 
guidance  on  the  application  of  these  criteria  values  to  the  proven  and  demon¬ 
strable  technologies,  respectively,  discussed  in  Parts  II  through  VI  of  this 
report.  It  should  be  emphasized  that  the  values  in  Table  9.14  and  9.15  are 
presented  for  guidance  and  may  not  be  appropriate  in  all  cases. 

In  most  cases  some  alternatives  will  score  higher  with  certain  criteria 
and  lower  with  others.  Criteria  for  other  alternatives  might  have  rankings 
that  are  just  the  opposite,  resulting  in  a  tradeoff  among  criteria  as  the 
range  of  possible  alternatives  is  considered.  For  example,  four  alternatives 
might  provide  four  different  levels  of  environmental  protection  with  the  most 
protective  being  the  most  expensive  and  with  each  more  lenient  alternative 
being  progressively  cheaper.  If  cost  and  environmental  protection  are 
weighted  equally  as  criteria,  a  choice  needs  to  be  made  among  the 
alternatives. 

The  usual  approach  is  to  establish  a  minimum  standard  for  a  criterion, 
such  as  environmental  impact,  and  choose  the  cheapest  alternative  that  is 
environmentally  acceptable.  A  similar  approach  can  be  taken  for  each  of  the 
other  qualitative  criteria;  however,  this  process  might  be  Ineffectual,  given 
the  qualitative  nature  of  the  criteria.  One  approach  for  reducing  the  number 
of  comparisons  is  presented  later  in  this  section. 

Summing  Weighted  Criteria.  For  those  criteria  that  can  only  be  given 
qualitative  number  values  (all  those  but  cost  and  O&M) ,  it  is  possible  to  com¬ 
bine  the  values  to  get  one  overall  rank.  If  equal  weight  is  assigned  to  each 
of  the  seven  criteria,  the  individual  criteria  values  are  simply  summed.  The 
resulting  number,  called  a  composite  qualitative  criterion,  represents  the 
value  of  the  alternative  measure  based  on  the  seven  qualitative  criteria. 

When  decisionmakers  place  different  weights  on  one  or  more  of  the  nine 
criteria,  a  weighted  summation  would  represent  the  overall  value. 

A  similar  approach  can  be  taken  for  the  two  cost  criteria,  using  tradi¬ 
tional  engineering  economic  analysis.  The  present  value  of  annual  operation 
and  maintenance  cost  can  be  determined,  using  an  appropriate  interest  rate  and 
period  of  analysis,  and  added  to  construction  cost. 


Table  9.13 

Example  Numerical  Ranks  and  Ranking  Descriptions  for 
Qualitative  Criteria 


Criterion 

Rank  Description 

Reliability 

4 

Highly  reliable 

3 

Moderately  reliable 

2 

Minimally  reliable 

1 

Not  reliable 

Implementablllty 

4 

Easy  to  Implement 

and  availability 

3 

Possible  to  Implement 

2 

Moderate  difficulties  In 
Implementation 

1 

Substantial  difficulties  in 
Implementation 

Technical 

4 

Very  effective 

effectiveness 

3 

Moderately  effective 

2 

Minimally  effective 

1 

Not  effective 

Environmental 

4 

No  anticipated  environmental 

concerns 

Impacts 

3 

Minimal  environmental  Impacts 

2 

Moderate  environmental 
impacts 

1 

Substantial  environmental 
Impacts 

Safety 

4 

No  anticipated  safety  risks 

3 

Minimal  safety  risks 

2 

Moderate  safety  risks 

1 

Substantial  safety  risks 

Operation  and 

4 

Extensive  operation  and  main¬ 

maintenance 

tenance 

3 

Moderate  operation  and  main¬ 
tenance 

2 

Minimal  operation  and  main¬ 
tenance 

1 

No  operation  and  maintenance 

(Continued) 
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Table  9.13  (Concluded) 


Criterion 

Rank 

Rank  Description 

Regulatory 

4 

Easy  to  gain  regulatory 

requirements 

approval 

3 

Possible  to  gain  regulatory 
approval 

2 

Moderate  difficulties  In 
gaining  approval 

1 

Substantial  difficulties  In 
gaining  approval 

Public 

4 

No  anticipated  public 

acceptance 

resistance 

3 

Minimal  anticipated  public 
resistance 

2 

Moderate  anticipated  public 
resistance 

1 

Substantial  anticipated 
public  resistance 
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Matrix  of  Criteria.  A  straight-forward  representation  of  the  relative 
merits  of  several  alternatives  la  possible  using  a  matrix  with  each  cell  In 
the  matrix  representing  a  value  rating  for  each  alternative  row  and  criterion 
(column  of  the  matrix).  Table  9.16  presents  a  matrix  showing  several  alterna¬ 
tives  with  hypothetical  values  for  the  criteria  and,  for  the  qualitative 
criteria,  using  the  numerical  values  described  in  Table  9.13.  The  matrix 
allows  easy  comparison  among  various  alternatives,  but  does  not  necessarily 
aid  In  choosing  one  alternative  over  another.  On  the  basis  of  the  presenta¬ 
tion,  however.  It  is  easy  to  eliminate  alternatives  that  have  particularly  low 
values  for  one  or  more  of  the  criteria.  For  example,  a  decisionmaker  may 
arbitrarily  rule  out  any  alternative  that  has  more  than  one  criterion  value  of 
one.  Using  such  a  policy,  alternatives  8,  11,  and  12  from  Table  9.16  would 
immediately  be  dropped  from  further  consideration. 

The  composite  criteria  described  In  the  previous  section  (composite  cost 
criterion  and  composite  qualitative  criterion)  can  also  be  included  in  the 
matrix  format  If  deemed  appropriate.  Values  for  the  composite  criteria  for 
the  14  alternatives  shown  in  Table  9.16  are  illustrated  in  Table  9.17.  Equal 
weights  were  assigned  to  the  seven  qualitative  criteria  for  their  computation. 
For  the  economic  determination,  an  analysis  period  of  Infinity  and  an  Interest 
rate  of  10  percent  were  used. 

One  way  to  assess  the  relative  merits  of  different  alternatives  is  to 
plot  composite  criterion  values  on  a  two-dimensional  plot.  Figure  9.31  Illus¬ 
trates  the  multicriteria  display,  showing  values  of  cost  on  the  vertical  axis 
and  values  for  the  composite  qualitative  criterion  (assuming  equal  weights)  on 
the  horizontal  axis.  Each  point  on  the  diagram  represents  an  alternative 
taken  from  Table  9.17.  Note  that  for  each  axis  we  desire  to  move  away  from 
the  origin,  values  Increase  for  the  composite  qualitative  criterion  and 
values  decrease  for  the  composite  cost  criterion. 

Two  aspects  of  this  type  of  display  are  apparent:  (1)  some  alternatives 
are  Inferior  to  others;  and  (2)  it  Is  impossible  to  differentiate  among  some 
alternatives  without  knowing  the  relative  weighting  of  the  two  composite  cri¬ 
teria.  Using  the  numbered  alternatives  from  the  figure,  examples  for  both 
aspects  can  be  shown.  Alternatives  I,  4,  6,  7,  8,  12,  13  and  14  are  all  infe¬ 
rior  to  alternative  10  since,  for  alternative  10,  both  criteria  have  better 
values.  Likewise,  alternative  12  Is  inferior  to  alternative  2.  It  Is  Impos¬ 
sible,  however,  to  say  whether  alternative  5  is  inferior  to  alternative  10. 


Criterion  Value  Matrix 


Table  9.17 

Example  Composite  Criteria  Table 


Alternative 

Composite 

Cost  Criterion 
$M 

Composite 

Q  alitative 
Criterion 

1 

22 

16 

2 

5.5 

14 

3 

12 

18 

4 

21 

19 

5 

27 

21 

6 

30.4 

16 

7 

26 

18 

8 

19 

16 

9 

30.5 

21 

10 

17 

20 

11 

2.2 

11 

12 

10 

12 

13 

21 

18 

14 

26 

17 

Alternative  5  has  a  higher  composite  qualitative  criterion,  yet  it  is  more 
expensive.  In  Fig.  9.31  there  are  six  such  alternatives  (11,  2,  3,  10,  5,  and 
9),  referred  to  as  noninferior  alternatives.  A  decisionmaker,  however,  is 
likely  to  focus  on  alternatives  3  and  10  since  these  alternatives  seem  to  have 
a  relatively  good  value  for  both  composite  criteria.  This  process  allows  one 
or  more  decisionmakers  to  concentrate  on  favorable  alternatives  (in  this 
case,  3  and  10)  and  screen  out  unfavorable  alternatives  (the  remaining  12). 

It  should  be  emphasized  that  this  process  is  not  meant  to  provide  a  final 
analysis.  It  is  meant  to  narrow  the  choice  of  alternatives  based  on  the  two 
composite  criteria.  The  composite  criteria  are  a  simplification  of  several 
complicated  factors  and  may  not  sufficiently  represent  the  relative  values  of 
various  alternatives.  Therefore,  to  choose  the  apparent  best  alternative  on 
the  basis  of  the  multicriteria  display  might  be  illadvlsed  without  looking  at 
all  of  the  criterion  values  for  those  good  alternatives  (i.e.,  those  that 
survive  the  cut  for  further  scrutiny).  In  Fig.  9.31,  alternatives  3,  4,  10, 
and  13  are  likely  good  alternatives.  Even  though  alternatives  4  and  13  appear 
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Figure  9.31.  Multicriteria  display  of  cost  criteria  and 
composite  qualitative  criteria 
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inferior  on  the  plot,  when  individual  criterion  values  are  considered,  they 
may  appear  in  a  better  light.  In  addition,  aspects  of  each  alternative  other 
than  those  described  by  the  criteria  (e.g.,  political  considerations)  may 


Influence  the  final  choice. 


Ranking  Alternatives.  The  possibility  of  ranking  alternatives  should  be 
approached  cautiously,  with  the  realization  that  an  exact  ranked  ordering  is 
probably  impossible.  This  caution  about  the  use  of  a  detailed  ranking  results 
from  the  fact  that:  (1)  several  assumptions  were  made  in  the  process  leading 
to  the  final  evaluation;  (2)  in  some  cases,  very  little  is  actually  known 
about  the  ultimate  performance  of  alternatives  (in  terms  of  the  various 
criteria);  (3)  tradeoffs  exist  among  the  various  alternatives;  and  (4)  dif¬ 
ferent  people  will  weigh  the  criteria  differently.  When  considering  these 
points,  it  should  be  obvious  that  rankings  could  easily  change  if,  for 
example,  the  reliability  of  a  technology  were  Improperly  assessed  or  the 
weighting  of  criteria  were  changed  slightly.  This  fact,  however,  does  not 
negate  the  process  nor  does  it  eliminate  its  usefulness.  It  simply  says  that, 
when  using  results  of  the  process,  an  understanding  of  the  vulnerability  of 
the  results  is  necessary.  The  best  way  to  ensure  this  desire  is  to  have  the 
final  decision  made  by  the  person  or  people  who  have  followed  through  the 
process  from  beginning  to  end.  Rarely,  however,  does  the  person  who  makes  the 
final  decision  have  a  detailed  knowledge  of  the  steps  taken  and  decisions  made 
that  lead  to  a  final  set  of  alternatives.  One  way  of  emphasizing  the  point  to 
the  decisionmaker  is  not  to  provide  a  ranking.  Instead,  groupings  of 
alternatives  (very  good,  good,  fair,  etc.)  would  emphasize  the  fact  that  there 
are  uncertainties  in  the  process.  Another  approach  is  to  present  alternatives 
in  terms  of  a  multicriteria  display,  as  is  shown  in  Fig.  9.31.  If  a  ranked 
list  of  alternatives  is  presented,  it  should  be  noted  that  the  ordering  can 
only  be  relied  upon  in  terms  of  the  general  location  of  an  alternative  in  the 
list.  In  other  words  if  an  alternative  is  ranked  fourth  of  20,  it  represents 
a  relatively  good  choice  and  could  probably  be  ranked  anywhere  from  first  to 
tenth  if  slightly  different  assumptions  were  made. 


Phase  V:  Alternative  Selection 


The  framework  presented  in  this  chapter  is  not  meant  to  be  a  substitute 
for  a  person  or  group  of  people  who  are  responsible  for  making  decisions.  I 
does  not  make  decisions,  but  assists  in  the  desclslonmaking  process  by 
narrowing  the  number  of  choices  and  presenting  Information  in  a  logical  and 
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easily  understood  format.  How  the  choices  are  narrowed  depends  In  part  on  the 
decisionmaking  sequence  chosen  by  the  analyst.  It  Is  Important  that  decision¬ 
makers  understand  the  process  that  Is  followed  since  selection  of  the  final 
alternative  may  be  affected  by  the  decisionmaking  sequence  chosen. 

In  many  cases,  selection  of  an  alternative  Is  a  group  decision,  often 
with  each  member  of  the  group  emphasizing  different  factors.  When  a  decision 
Is  a  group  effort  (and  often  open  to  public  scrutiny).  It  Is  best  to  have  a 
process  that  conveys  as  much  Information  as  possible  about  the  relative  merits 
of  the  alternatives  being  considered  for  selection. 

Testing  and  Regional  Administrative  Decisions 


Implementation  of  the  DMASS  requires  extensive  testing  and  analyses  as 
well  as  both  administrative  and  substantive  regional  administrative  decisions 
(RADS).  This  section  discusses  these  Issues. 

Testing  Protocols  and  DMASS 

Part  VII  of  this  report  discusses  the  various  testing  protocols  that  are 
available  to  assist  in  the  development  and  analysis  of  dredged  material  dis¬ 
posal  alternatives.  These  tests  were  classified  into  five  major  categories: 
sediment  characterization,  site  characterization,  contaminant  release  studies 
and  tests  for  control/treatment  technology  design.  These  tests  are  conducted 
during  various  phases  of  the  DMASS.  Table  9.18  summarizes  the  typical 
sequence  of  testing  and  the  relationship  between  the  phases  of  the  DMASS  and 
the  implementation  of  the  testing  protocols.  It  should  be  stressed  that  the 
actual  timing  of  the  various  testing  protocols  will  vary  with  the  nature  and 
magnitude  of  the  project  being  planned.  In  most  cases,  the  Issues  covered  by 
the  various  protocols  will  be  addressed  during  the  Initial  planning  process 
using  existing  information  and  data.  This  Information  and  data  will  then  be 
supplemented  during  later  phases  of  the  planning  process. 

Regional  Administrative  Decisions 

Implementation  of  the  DMASS  requires  both  administrative  and  substantive 
regional  administrative  decisions  (RADs).  These  decisions  must  be  made  ini¬ 
tially  and  then  periodically  throughout  the  Implementation  of  the  DMASS.  RAD 
that  must  be  made  promptly  In  order  to  ensure  timely  completion  of  the  DMASS 
process  are  discussed  briefly  below. 


We* 


Table  9.18 

Relationship  of  Testing  Protocols  to  the 
DMASS  Process 


Tests  Required 


1.  Presump¬ 

Sediment 

tion  of 

Characteri¬ 

Contamination 

zation 

Pathway 

DeteriniPfe'*' 

Available 

Generic 

Sites 

Affected 

Contaminate 

Pathways 

II.  Confirma¬ 
tion  of  Contam¬ 
ination  Pathway 


III.  Alternative 
Development 
and  Initial 
Screening 


IV.  Detailed 
Evaluation  and 
Ranking 


Determination 
of  Specific 
Sites 


Comparison  of 
Specific  Sites 
and  Contaminate 
Control 


Assessment 
of  Specific 
Sites  and 
Criteria 


Bulk  Chemistry 
Physical  Tests 


Literature  Investigations  for 
Surface,  Geologic,  Ecological/ 
Sociological  Assessments 


Open  Water  -  Water  Column 
Chemical 
Biological 
Mixing 

Aquatic  Bioassay 
Benthic  Bloassay 
Upland  and  -  Effluent  Quality 
Nearshore  Surface  Runoff 

Leachate  Quality 
Plant  Uptake 
Animal  Uptake 


Site  Specific  Assessment 
Identify  Pathway  of  Concern 
Select  Dredge/Transport  Tech¬ 
nique 

Site/Dredge/Transport  Compat¬ 
ibility 

Consolidation 

Settling 

Liner  Compatibility 
Stabilization 
Treatability-Effluent , 

Runoff,  Leachate 

Field  Investigations 
for  Surface,  Geologic, 
Ecological /Sociologic 
Assessments 


V.  Alternative 
Selection 


RADs  During  Phase  I.  Two  RADs  are  required  during  Phase  I  of  the  DMASS 
process. 

1.  Decision  of  No  Contamination.  An  Initial  decision  must  be  made  as  to  the 
level  of  sediment  contamination  that  will  trigger  the  necessity  to  implement 
the  DMASS.  This  RAD  is  referred  to  as  the  decision  of  no  contamination  or 
decision  of  sediment  contamination  in  the  DMF  (Lee  et  al.  1985,  Peddicord  et 
al.  1986).  If  sufficient  Information  is  available  and  provides  no  substantive 
reason  to  believe  contaminants  are  present  based  on  the  chemical  analysis  of  a 
composite  sediment  sample,  a  decision  for  no  further  testing  Is  made.  In  such 
cases,  the  selection  of  a  disposal  site  is  based  on  considerations  other  than 
potential  contaminant  Impacts  on  the  environment. 

2.  Decision  for  Further  Testing  versus  Design  in  Lieu  of  Testing.  If  the 
available  information  is  inadequate  or  provides  a  substantive  reason  to 
believe  contaminants  are  present,  then  a  decision  for  further  testing  or  for 
design  in  lieu  of  testing  is  made.  In  either  case,  the  emphasis  is  on  select¬ 
ing  the  disposal  environment  minimizing  the  potential  for  adverse  impacts  from 
the  contaminated  material.  Limitations  on  available  disposal  sites  should  be 
considered.  If  only  upland  disposal  sites  are  available  then  testing  proto¬ 
cols  selected  for  execution  should  emphasize  contaminant  migration  pathways 
associated  with  upland  sites.  Likewise  if  design  In  lieu  of  extensive  testing 
is  implemented,  control/treatment  alternatives  selected  for  evaluation  should 
be  suitable  to  address  those  migration  pathways  typical  of  the  anticipated 
disposal  environment. 

RADs  During  Phase  II.  Six  RADs  are  required  during  Phase  II  of  the  DMASS 
process . 

1.  Selection  of  Possible  Disposal  Sites.  Disposal  sites  are  classified  into 
upland,  nearshore,  and  open-water.  At  this  level,  concerns  over  Impacts  are 
limited  to  major  readily  apparent  problems  that  would  preclude  use  of  a  spe¬ 
cific  disposal  site.  For  specific  projects,  an  initial  screening  can  be  used 
to  identify  those  disposal  sites  that  are  suitable.  A  decision  is  required  on 
both  factors  to  be  used  and  criteria  by  which  these  factors  are  to  be  evalu¬ 
ated.  The  decision  must  also  be  concerned  with  whether  to  use  absolute  cri¬ 
teria,  a  relative  comparison  of  sites,  or  both.  The  DMASS  suggests  factors 
such  as  availability,  distance  from  dredging  site,  capacity,  costs,  and 
Impact.  A  decision  must  also  be  made  as  to  the  number  of  sites  to  be  retained 
for  further  evaluation. 


2.  Site  Specific  Pathways  of  Concern.  General  pathways  of  concern  for  each 
disposal  environment  (upland,  nearshore,  open-water)  are  Identified  In  the 
DMASS  (Lee  et  al.  1985,  Peddlcord  et  al.  1986).  The  significance  of  these 
pathways  for  generic  sites  are  addressed  through  a  decisionmaking  framework 
based  on  sediment  testing.  Numerous  RADs  are  Included  in  this  decisionmaking 
process  and  are  Incorporated  by  reference.  The  criteria  used  for  these  RADs 
are  based  on  sediment  characteristics.  An  additional  RAD,  to  address  the 
Impact  of  site  specific  conditions,  on  these  criteria  is  necessary.  For  exam 
pie,  suppose  that  testing  of  the  sediment  Indicates  that  contaminants  tend  to 
leach  from  the  dredged  material  at  an  unacceptable  rate.  Also  suppose  that 
the  results  of  site  characterization  Indicate  that  as  a  result  of  fortuitous 
geology  this  rate  of  leaching  has  no  significant  Impact  on  the  groundwater  at 
the  proposed  disposal  site.  Thus,  a  RAD  Is  necessary  to  preclude  the 
Implementation  of  unnecessary  control/treatment  alternatives. 

3.  Site  Characterization.  A  basic  premise  of  the  DMASS  Is  that  sediment 
characteristics  alone,  as  determined  by  Implementation  of  the  testing  proto¬ 
cols  outlined  In  the  DMF  (Lee  et  al.  1985,  Peddlcord  et  al.  1986),  do  not 
trigger  the  Implementation  of  control/treatment  alternatives.  Specific  site 
characteristics  can  either  magnify  or  mitigate  the  need  for  restrictions. 

Thus  an  important  part  of  the  DMASS  Is  a  site  characterization  and  assessment 
The  level  of  detail  of  a  site  characterization  and  assessment  can  range  from 
brief  desk  top  studies  to  expensive  and  time  consuming  field  investigations. 
The  DMASS  process  assumes  that  site  characterization  and  assessment  will  be 
based  on  existing  site  Information  with  limited  additional  field  studies. 
Detailed  field  studies  would  not  be  conducted  until  the  design  phase.  A  RAD 
is  necessary  to  set  the  level  of  detail  of  the  site  characterization  and 
evaluation  conducted  in  Phase  II. 

4.  Decision  of  No  Site  Specific  Restrictions.  Phase  II  of  the  DMASS  evalu¬ 
ates  the  Interactions  of  the  disposal  site  and  the  contaminated  sediment. 
Ideally,  disposal  sites  that  do  not  require  restrictions  can  be  located. 

Thus,  a  decision  will  be  required  as  to  the  need  for  site  specific 
restrictions. 

5.  Decision  for  Continuing  Evaluation.  Although  disposal  sites  that  do  not 


decision  Is  required  on  whether  to  continue  with  the  DMASS  process,  even 
though  a  no-restrlctlon  disposal  site  has  been  Identified. 

6.  Decision  for  More  Testing.  The  confirmation  of  contaminant  pathway.  Phase 
II  of  DMASS,  may  be  Inconclusive,  i.e.,  the  decision  maker  may  have  Insuffi¬ 
cient  Information.  In  such  cases,  a  decision  is  required  on  whether  to  require 
more  extensive  site  or  sediment  characterization. 

RADS  During  Phase  III.  Six  RADs  are  required  during  Phase  III  of  the  DMASS 
process. 

1.  Selection  of  Evaluation  Factors.  The  DMASS,  as  proposed,  uses  nine  fac¬ 
tors  for  evaluating  control/treatment  alternatives  Implemented  to  reduce  con¬ 
taminant  migration  from  dredging  activities.  These  factors  are  based  on  the 
judgement  of  the  authors.  It  is  likely  that  regional  authorities  will  expand 
or  reduce  the  number  of  factors  to  be  evaluated  based  on  those  Issues  that  are 
perceived  to  be  Important  In  a  particular  region. 

2.  Weighting  of  Evaluation  Factors.  The  DMASS,  as  proposed,  assigns  an  equal 
weight  to  all  nine  evaluation  factors,  i.e.,  the  nine  factors  are  considered 
to  be  equally  important,  I.e.  cost  is  equal  in  Importance  to  public  accep¬ 
tance.  This  may  or  may  not  reflect  the  attitude  of  the  regional  authorities. 

A  RAD  is  necessary  to  determine  the  relative  Importance  of  selected  evaluation 
factors.  For  example,  consider  the  reliability  factor.  If  reliability  Is 
given  high  importance  then  control/treatment  alternatives  will  tend  to  Incor¬ 
porate  field  demonstrated  technologies,  whereas.  If  the  reliability  factor  is 
given  less  weight  then  alternatives  that  incorporate  proven  or  demonstrable 
technologies  may  be  included. 

3.  Screening  of  Alternatives.  The  DMASS,  as  proposed,  discusses,  three  pos¬ 
sibilities  for  screening  of  alternatives.  Decisions  are  necessary  to  select; 
whether  to  screen  or  not,  the  screening  method,  and  factors  to  be  used  for 
screening. 

4.  Innovative  Alternatives.  The  DMASS,  as  proposed,  is  oriented  to  the 
selection  of  field  demonstrated  technologies.  Demonstratable  and  conceptual 
technologies  are  at  a  disadvantage  In  the  evaluation  and  selection  process. 

A  RAD  will  be  required  to  address  this  Issue.  A  regional  policy  on  the 
implementation  of  demonstrable  and  conceptual  technologies  will  need  to  be 
developed. 


5.  Technology  Based  Control/Treatment  Requirements.  The  DMASS,  as  proposed, 
uses  an  environmental  effects  based  approach  for  the  selection  of  appropriate 
control/treatment  alternatives.  Using  this  approach,  a  presumed  requirement 
for  restrictions  based  on  sediment  characteristics  can  be  reduced  or 
eliminated  because  of  site  specific  conditions.  An  alternative  approach  is 
the  use  of  minimum  technology  based  design  requirements.  For  example,  if 
testing  of  a  sediment  indicates  that  contaminant  leaching  is  a  potential  then 
a  technology  based  design  standard  may  require  installation  of  a  liner, 
regardless  of  mitigating  disposal  site  conditions.  A  decision  is  necessary  to 
address  the  technology  based  standards  issue. 

6.  Evaluating  Technical  Effectiveness.  Technical  effectiveness  addresses  the 
contaminant  release  potential  for  control/treatment  alternatives.  Contaminant 
release  will  have  site  specific  impacts.  A  decision  must  be  made  on  appropri¬ 
ate  procedures  or  models  to  use  when  evaluating  these  site  specific  contami¬ 
nant  release  Impacts. 

RADs  During  Phase  IV.  Two  RADs  are  required  during  Phase  IV  of  the  DMASS 
process. 

1.  Values  for  Factors.  The  evaluation  factors,  both  quantitative  and 
qualitative  selected  in  Phase  III  must  be  quantified.  A  decision  must  be  made 
on  absolute  or  relative  quantification.  The  previous  decision  concerning  the 
weighting  of  factors  must  also  be  Incorporated  into  the  process. 

2.  Elimination  of  Alternatives.  During  the  detailed  evaluation  process,  some 
alternatives  will  be  clearly  inferior.  A  decision  must  be  made  on  whether  to 
eliminate  alternatives  based  solely  on  inferiority  and  which  ones,  if  any  to 
eliminate.  As  an  alternative,  it  may  be  desirable  to  evaluate  fully  all 
alternatives  surviving  the  initial  screening  process. 

RADs  During  Phase  V.  Two  RADs  are  required  during  Phase  V  of  the  DMASS 
process. 

1.  Alternative  Selections.  The  conclusion  of  the  DMASS  process  is  the 
selection  of  an  appropriate  dredged  material  disposal  alternative.  Thus,  a 
decision  must  be  made  as  to  the  best  alternative  for  a  specific  alternative. 

2.  Backup  Alternative.  The  selection  of  an  alternative  is  based  on  the  best 
information  available  at  the  time  of  selection.  As  project  design  proceeds, 
additional  Information  may  be  developed  that  precludes  implementation  of  the 
selected  alternative.  Therefore,  it  may  be  desirable  to  Include  one  or  more 
back-up  alternatives  in  the  alternative  selection  process. 


IlluBtratlve  Case  Stud 


Background 

As  an  example  of  how  the  decisionmaking  framework  can  be  used,  an  example 
from  Commencement  Bay  (Phillips  et  al.  1985)  has  been  chosen.  The  dredge  site 
is  the  Totem  Ocean  Trailer  Express  (TOTE)  facility  In  the  Blair  Waterway  at 
the  Port  of  Tacoma.  Information  on  the  dredge  site  was  taken  from  a  series  of 
soil  testing  reports  and  memoranda  on  test  results  (Hart-Crowser  and  Asso¬ 
ciates,  Inc.  1982,  1983;  Benlab  Laboratories,  Inc.  1983;  Analytical  Technolo¬ 
gies,  Inc.  1983;  Washington  Department  of  Ecology  1984).  Information  on 
potential  disposal  sites  was  taken  from  Phillips  et  al.  (1985)  and  Is  summa¬ 
rized  in  Appendix  F. 

Close  adherence  to  the  framework  Is  not  possible  since  the  actual 
sequence  of  actions  in  this  example  were  not  the  same  as  has  been  proposed  in 
this  part,  nor  was  the  DMF  (Lee  et  al.  1985)  followed.  Nevertheless,  the 
situation  provides  a  good  example  from  which  hypothetical  illustrations  can  be 
developed. 

Dredging  at  the  case  study  site  was  necessary  because  of  the  plans  to 
upgrade  and  expand  the  TOTE  container  facility  at  the  Port  of  Tacoma.  The 
site,  shown  on  the  map  In  Figure  9.32,  Is  located  along  the  northeast  side  of 
the  Blair  Waterway.  The  project  size  was  270,000  cu  yd. 

Presumption  of  Contaminant  Pathway 

Since  the  testing  protocol  established  by  Lee  et  al.  (1985)  was  not 
available  at  the  time  of  the  sediment  analysis  for  the  site,  assumptions  were 
made  based  on  the  results  that  were  available.  Unfortunately  there  was  some 
discrepancy  In  the  results  of  laboratory  analyses  and  a  difference  In  opinion 
as  to  the  degree  to  which  the  sediment  was  contaminated.  The  result  of  the 
testing  and  analysis  process  was  to  classify  the  upper  portion  of  the  sediment 
as  a  problem  material  and  the  lower  portion  as  containing  no  contaminants  of 
concern.  The  upper  portion  represented  a  relatively  small  portion  of  the  sed¬ 
iment:  37,000  cu  yd  of  the  total  270,000-cu  yd  volume. 

In  general,  the  contaminants  In  the  upper  portion  Included  organic  com¬ 
pounds  and  metals,  particularly  copper,  lead,  and  zinc.  Of  particular  concern 
were  PAHs  found  in  the  sediment.  The  organic  compounds  are  assumed  to  be 
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tightly  bound  to  the  sediment  and.  If  left  relatively  undisturbed,  should  pose 
no  great  threat.  The  metals,  however,  can  pose  considerable  problems  since 
they  are  readily  soluble,  particularly  In  a  disposal  environment  where  oxida¬ 
tion  can  occur.  The  results  would  be  problems  with  contaminants  In  leachate 
and  In  effluent  water  created  during  the  disposal  process. 

For  the  remainder  of  this  case  study.  It  was  assumed  that  the  sediment 
with  the  pollutants  listed  above  (If  It  had  been  analyzed  using  the  testing 
protocol)  resulted  In  the  following: 

a.  Possible  restrictions  needed  because  of  Impacts  on  the  water  column. 

b.  Possible  restrictions  needed  because  of  benthic  Impacts. 

c.  Possible  restrictions  needed  for  upland /nearshore  effluent  water 
quality. 

d.  Possible  restrictions  needed  for  leachate  quality. 

It  was  assumed  that  plant  and  animal  uptake  and  surface  run-on  would  not 
pose  threats. 

Confirmation  of  Contaminant  Pathway 

Available  Sites.  A  number  of  disposal  sites  are  available  in  the  proxim¬ 
ity  of  Commencement  Bay.  Phillips  et  al.  (1985)  limited  some  potential  sites 
on  the  basis  of  distance  from  the  dredging  area  and  capacity  of  the  disposal 
area.  For  this  case  study,  these  limitations  will  be  accepted  and  the  remain¬ 
ing  list  of  potential  disposal  sites  will  be  used  to  Illustrate  the  decision 
making  process.  The  potential  sites  are  listed  In  Table  9.19  along  with 
pertinent  Information.  In  addition,  Fig.  9.32  shows  a  map  of  the  area  with 
the  potential  disposal  sites.  More  detailed  descriptions  of  the  sites  are 
given  in  Appendix  F. 

Screening  of  Sites.  The  screening  of  sites  can  be  done  on  both  an  abso¬ 
lute  and  a  relative  basis.  Some  preliminary  screening  of  sites  was  done,  and 
those  sites  were  eliminated  before  being  discussed  In  this  case  study.  The 
preliminary  screening  was  done  on  an  absolute  basis  using  proximity  and  capac¬ 
ity.  Table  9.20  shows  the  criteria  that  were  used  in  the  screening. 

The  distance  criteria  were  based  on  equipment  limitations  and  cost  con¬ 
siderations.  Dredges  would  be  able  to  pump  typical  Commencement  Bay  sediment 
about  2  miles  on  the  level  before  a  booster  pump  would  be  required.  This  dis¬ 
tance  Is  approximate  and  must  be  modified  by  elevation  considerations.  Thus, 
the  hills  to  '  le  north  and  south  of  Commencement  Bay  represent  a  limit  to 
pipeline  trans  ort.  The  12-mlle  distance  criterion  was  selected  as  the 


Table  9.19 

Characteristics  of  Potential  Disposal  Sites  for  Illustrative  Example 


Capacity 

Million 

Ownership 

Site 

Size 

cu  yds 

(Zoning)* 

Aquatic 

Puyallup  River 

Delta 

900  ft  radius 

unlimited? 

State 

DNR 

900  ft  radius 

unlimited? 

? 

Hylebos/Brown 

7 

2.5 

State 

Upland 

Puyallup  Mitigation 

40  acres 

1 

?  (S-10) 

Port  of  Tacoma  "D" 

(+20  ft)** 

(+35  ft) 

60  acres 

0.1 

1.45 

Port  of 
Tacoma 
(S-10) 

Puyallup  River/RR 
(+20  ft) 

(+35  ft) 

80  acres 

1.3 

3.3 

UPRRt 

(M-2) 

Port  of  Tacoma  "E" 

71  acres 

1.7 

Port  of 
Tacoma 
(S-10) 

Hylebos  Creek  1  &  2 
(+20  ft) 

(+35  ft) 

45  acres 

0.775 

1.775 

Multiple 

(A-1) 

(Continued) 

NOTES ; 

*  Zoning:  S-10:  port  Industrial 

S-11:  Industrial 

M-2:  light  manufacturing 

A-1:  manufacturing 

**  Three  of  the  upland  sites  can  be  filled  to 

two  different 

elevations 

(+20  and  +35). 

I  UPRR  =  Union  Pacific  Railroad 


Table  9.19  (Concluded) 


_ Site _ 

Nearshore 

Middle  Waterway 

Milwaukee  Waterway 

Blair  Waterway 
slips 
inner 

middle 

outer 

Blair  Graving  Dock 

Hylebos  Waterway  1 

Hylebos  Waterway  2 

i 

I 


Size 

Capacity 
Million 
cu  yds 

Ownership 

(Zoning)* 

27  acres 

0.65 

State 

30  acies 

2.16 

Port  of 
Tacoma 

12  acres 

2.437 

0.6 

Port  of 
Tacoma 
(S-10) 

8  acres 

0.945 

Port  of 
Tacoma 
S-10 

7  acres 

0.892 

State 

(S-10) 

8  acres 

0.2 

Port  of 
Tacoma 
(S-10) 

74  acres 

1.274 

City  of 
Tacoma 
(S-11) 

24  acres 

0.3 

Sound 

Refining 
Co.  (S-11) 
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Table  9.20 

Preliminary  Screening  of  Potential  Sites  for  Illustrative  Example 


Disposal  Method 
Open  Water 


Screening  Criteria 


Distance: 


within  12  miles  of  waterways 


Upland 


Distance: 
Capacity* : 


within  2  miles  of  waterways 


greater  than  50,000  cu  yd  (sites 
below  +20  ft  MLLW) 


greater  than  1,000,000  cu  yd 
(sites  at  or  above  +20  ft 
MLLW) 


Other: 


Nearshore 


Distance: 

Elevation: 

Capacity: 


absence  of  permanent  development 

within  12  miles  of  waterways 
-35  ft  to  +20  ft  MLLW 
greater  than  100,000  cu  yd 


*  Sites  could  be  filled  to  either  +20  ft  MLLW  or  +35  ft  MLLW. 


A 


'jd 


i 

21 


I 


farthest  distance  that  a  two-barge  mechanical  dredging  operation  can  contin¬ 
uously  accommodate  (i.e.,  the  dredge  will  fill  one  barge  while  the  second  Is 
proceeding  to  the  disposal  site,  dumping,  and  returning).  Beyond  12  miles,  a 
three-barge  operation  would  be  necessary.  In  both  cases  (hydraulic  and 
mechanical  dredging),  adding  booster  pumps  or  another  barge  Increases  costs. 

The  distance  criteria  also  relate  directly  to  the  elevation  criteria, 
especially  for  consideration  of  upland  sites.  Filling  of  upland  sites  to 
+20  ft  MLLW  and  to  +35  ft  MLLW  were  considered.  For  small  sites  (less  than 
40  acres  and  with  less  than  1  million  cu  yd  capacity),  final  site  elevation 
would  be  +20  ft  MLLW.  Filling  above  that  elevation  would  remove  the  parcel 
from  railroad  access  and  could  cause  land-use  changes  (e.g.,  change  heavy 
Industrial  to  light  Industrial  use).  Fill  of  one  or  more  large  sites  to  the 
maximum  economical  pumping  height  of  +35  ft  MLLW  might  provide  bay-wide  bene¬ 
fits  to  justify  the  tradeoff.  For  nearshore  disposal,  filling  a  site  above 
+20  ft  MLLW  removes  It  from  easy  water  access  and  reduces  the  site's  potential 
for  development. 

Minimum  site  capacity  was  determined  partially  based  on  cost  considera¬ 
tions.  Although  the  TOTE  facility  is  small,  only  large  sites  were  considered, 
maintaining  consistency  with  Phillips  et  al.  (1985).  Although  actual  costs 
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must  be  determined  on  a  case-by-case  basis,  a  site  with  at  least  100,000  cu  yd 
capacity  would  be  of  sufficient  size  to  amortize  development  costs  for  treat¬ 
ment  facilities  and  site-preparation  costs  and  would  provide  sufficient  area 
(about  40  acres)  to  encourage  settling  of  solids.  It  was  felt  that  larger 
sites  of  at  least  1  million  cu  yd  capacity  represent  long-term  multiple-use 
disposal  opportunities  rather  than  one-time  uses.  This  opportunity  for 
repeated  use  over  time  would  imply  a  displacement,  either  potential  or  actual, 
of  heavy  industrial  use  of  the  site.  Capacity  for  accepting  at  least  1  mil¬ 
lion  cu  yd  of  contaminated  sediment  has  tangible  economic  Inducements  for 
long-range  solutions  to  Commencement  Bay  Superfund  and  navigation  Issues. 

In  addition  to  the  above  considerations,  only  sites  that  had  no  large- 
scale  permanent  development  or  facilities  In  place  were  considered. 

Once  potential  sites  have  been  Identified,  screening  can  be  done  to  fur¬ 
ther  reduce  the  number  of  potential  sites  by  eliminated  possibilities  that 
would  likely  not  be  good  choices  in  the  final  analysis.  Obviously  this  step 
would  be  inappropriate  if  only  a  few  potential  sites  were  being  considered  at 
this  juncture,  unless  one  or  two  were  clearly  Inferior.  For  the  case  at  hand, 
16  sites  are  still  candidates  (three  aquatic,  five  upland,  and  eight  near¬ 
shore).  A  relative  screening  of  these  sites  was  performed  by  Phillips  et  al. 
(1985).  A  description  of  this  process  is  repeated  below.  Two  differences  are 
apparent  In  the  analysis  that  follows  and  the  generic  screening  process  pre¬ 
sented  earlier  in  this  chapter.  Different  criteria  are  used  and  the  scale  of 
values  used  for  the  criteria  are  different  (ranging  from  0  to  2  rather  than  1 
to  4).  These  differences,  however,  should  not  have  a  significant  Impact  on 
the  results  since  the  underlying  approach  is  the  same.  The  analysis  done  on 
the  sites  has  been  retained  essentially  as  it  was  done  since  Interested 
parties  were  contacted  for  their  opinions  and  the  analysis  represents  an 
excellent  example  of  the  appropriate  amount  of  detail  for  a  screening  at  this 
level. 

The  evaluation  of  the  potential  sites  was  based  on  available  data  and  the 
professional  judgements  of  authors  of  the  Commencement  Bay  report.  In  addi¬ 
tion,  telephone  and  personal  contacts  were  made  with  responsible  officials 
with  the  Port  of  Tacoma,  City  of  Tacoma,  City  of  Fife,  Pierce  County,  Puyallup 
Indian  Tribe,  State  of  Washington,  and  others.  These  contacts  were  not 
Intended  to  be  a  comprehensive  solicitation  of  concerns  associated  with  dredg¬ 
ing  and  disposal  of  contaminated  sediment  In  Commencement  Bay,  but  were 


Instead  Intended  to  Identify  potential  disposal  sites  and  to  obtain  prelimi¬ 
nary  views  on  major  concerns  related  to  these  sites.  Not  all  landowners  were 
contacted  as  to  the  availability  of  their  lands,  nor  were  assessments  of  the 
value  of  those  lands  made.  The  objective  of  this  evaluation  is  to  develop  a 
reconnaissance  level  ranking  of  sites  that  could  receive  contaminated  dredged 
material.  Those  sites  that  rank  above  others  are  not  necessarily  to  be  con¬ 
sidered  "recommended";  however,  they  show  the  best  promise  for  more  detailed 
evaluation  leading  to  a  recommended  site.  Table  9.21  shows  a  matrix  of 
screening  criterion  values  for  the  potential  sites.  A  value  of  zero  repre¬ 
sents  a  negative  assessment;  one  Is  neutral;  and  two  corresponds  to  a  positive 
evaluation.  Bases  for  the  assigned  values  are  described  in  the  following 
paragraphs . 

For  open-water  disposal  sites,  ease  of  capping  was  used  as  an  evaluation 
factor  rather  than  cost  of  site  preparation.  Site  preparation  of  open-water 
sites  would  simply  be  an  extension  of  dredging;  that  is,  underwater  dikes 
could  be  constructed  using  clean  sediment  dredged  during  the  course  of  navi¬ 
gation  maintenance.  For  this  factor,  the  Hylebos /Browns  Point  site  ranks 
highest  since  it  has  the  best  potential  for  burial  containment.  The  DNR  site 
would  have  to  employ  the  mounding  technique  in  extreme  depths.  The  Puyallup 
River  delta  is  very  unstable;  capping  and  containment  may  be  impossible  over 
the  long  term.  Only  the  DNR  site  is  currently  designated  as  approved  for 
open-water  disposal;  however,  depending  on  a  variety  of  considerations,  either 
or  both  of  the  other  sites  could  be  designated  as  well.  Capacities  are  essen¬ 
tially  unlimited  at  all  sites.  The  Puyallup  River  delta  is  closest  to  the 
potential  dredging  sites;  Hylebos /Browns  Point  is  second.  The  DNR  site  is 
outside  the  most  economical  pumping  distance  for  Commencement  Bay  sediment, 
but  the  site  is  acceptable  for  disposal  from  barges  and  hopper  dredges. 

Because  the  DNR  site  has  and  is  currently  receiving  dredged  material  on  a 
periodic  basis,  additional  adverse  environmental  impacts  would  be  fewer.  The 
instability  of  the  Puyallup  River  delta  suggests  that  unacceptable  impacts  on 
benthic  resources  would  not  occur,  but  that  the  same  instability  would  render 
capping  of  contaminated  sediments  difficult.  Little  is  known  about  the 
Hylebos/  Browns  Point  site,  but  it  may  be  an  important  bottomfish  habitat. 

Upland  disposal  sites  are  highly  varied  within  Commencement  Bay  area. 
Depending  on  the  volume  of  contaminated  sediment  that  requires  removal  and 
disposal,  one  or  more  upland  sites  may  ultimately  be  determined  to  be 
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Table  9.21 

Matrix  of  Site  Screenlne  Criteria  Values  for  Illustrative  Example 


(0  •  negative,  1  “  neutral,  2  ■  positive) 


_ Criterion-Ranking _  Composite 

Avallabll-  Impacts  to  Criterion 

Ite  ity  Distance  Capacity  Cost*  Habitat  Value** 


Open  Water 


Puyallup  River 
Delta 


Hylebos/Browns 

Point 


Upland 

Puyallup 
Mitigation 
(+35  ft) 

POT  "D" 

(+20  ft) 

(+35  ft) 

Puyallup  River/ 
Railroad 
(+20  ft) 

(+35  ft) 

POT  "E" 

(+35  ft) 


(Continued) 


NOTES : 

*  For  open-water  disposal,  ease  of  capping  was  used  In  place  of  cost.  C 
were  based  on  site-preparation  costs  divided  by  cubic-yard  capacity  of 
site . 

**  Composite  criterion  values  were  based  on  equal  weights  for  each  of  the 
five  criteria. 

t  DNR  would  have  to  designate  site  as  available, 
tt  Some  site  preparation  might  be  required. 

^  Beyond  pipeline  pumping,  acceptable  for  barge  and  hopper, 
ff  Agency  concerns  anticipated. 

6  Relocation  of  existing  marina  In  inner  slip  required. 
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Table  9.21  (Concluded) 


necessary.  In  addition.  Individual  dredgers  may  encounter  small  volumes  of 
material  that  could  be  disposed  of  upland,  but  timing  of  dredging,  need  to 
fill  the  site  for  development,  or  other  considerations  may  make  use  of  a  small 
site  appropriate. 

The  capacities  of  the  Port  of  Tacoma  "D"  and  the  Puyallup  River/Railroad 
sites  are  large;  the  sites  are  within  pumping  distance  from  a  variety  of  Com¬ 
mencement  Bay  dredging  sites;  and  the  sites  are  sufficiently  large  to  permit 
onsite  treatment  facilities  to  be  constructed.  Because  of  the  existence  of 
the  wetland  meadow  on  Puyallup  Rlver/Rallroad  site,  environmental  impacts  are 
rated  low  (high  impact)  in  relation  to  the  other  sites  being  evaluated,  and  a 
more  detailed  examination  of  environmental  effects  Is  warranted.  The  Port  of 
Tacoma  "E"  Site  is  considered  a  good  candidate  due  to  its  location  relative  to 
much  of  the  harbor  area,  but  does  not  have  capacity  below  +20  ft  MLLW.  The 
proposal  for  wetland  restoration  at  the  Puyallup  mitigation  site  makes  future 
use  unlikely.  Hylebos  Creeks  Nos.  1  and  2  have  a  good  preparation  cost-to- 
capaclty  ratio;  however,  use  of  these  sites  would  displace  ongoing  agricul¬ 
tural  activity.  In  addition,  the  sites'  availabilities  are  unknown,  and  their 
mixed  ownership  would  probably  require  the  sites  be  acquired  rather  than  be 
made  available. 

There  are  generic  problems  with  nearshore  disposal  sites  with  regard  to 
containment  of  contaminated  sediments.  Nevertheless,  as  further  information 
Is  developed,  techniques  for  placing  and  retaining  contaminants  in  nearshore 
areas  may  be  refined.  Middle  Waterway  might  be  useful  for  partial  fill  using 
contaminated  sediment,  but  It  might  be  more  useful  dredged  out  and  Its  naviga¬ 
tional  capability  restored.  The  outer  area  Is  still  used;  relocation  of 
adjacent  landowners  and  users  to  other  portions  of  Che  harbor  could  be  expen¬ 
sive  and  difficult.  Benefits  do  not  appear  to  warrant  the  effort.  The  two 
Hylebos  Waterway  sites  are  probably  available,  but  the  cost  of  one  is  high  in 
comparison  to  capacity,  and  both  sites  are  wetlands  with  high  resource  value 
to  Commencement  Bay.  Further  evaluation  at  this  stage  does  not  seem 
warranted. 

The  Blair  graving  dock  site  has  relatively  limited  capacity;  however,  its 
preparation  costs  are  quite  low.  The  site  is  more  suitable  for  a  one-time 
disposal  and  should  be  considered  for  such  if  the  opportunity  presents  itself. 
The  Blair  Waterway  slips  are  intended  to  be  filled  and  developed  in  the 
future.  They  represent  a  large  capacity,  and  preparation  costs  are 


reasonable.  They  are  located  centrally  on  the  waterfront  and  would  be  able  to 
accept  sediment  dredged  from  anywhere  In  Commencement  Bay.  Environmental 
Impacts  are  relatively  moderate,  but  mitigation  might  be  required.  The 
largest  drawback  to  the  slips  Is  the  existing  marina  In  the  inner  slip  that 
would  need  to  be  relocated.  Likewise,  Milwaukee  Waterway  presents  an  oppor¬ 
tunity  as  the  port  Intends  to  fill  the  waterway  to  accommodate  Sea-Land  and  to 
develop  their  own  container  terminal  capacity.  Milwaukee  Waterway  has  large 
capacity.  Is  not  presently  being  extensively  used  for  navigation;  and  It  has 
no  adjacent  users  that  would  have  to  be  relocated. 

The  last  column  In  Table  9.21  shows  the  composite  criterion  values  for 
each  of  the  potential  sites.  The  composite  criterion  values  were  developed  by 
adding  the  values  for  the  five  criteria  (equal  weighting  assumed).  At  this 
point,  any  number  of  factors  may  Influence  the  number  of  sites  chosen  for 
further  evaluation.  Ranking  the  sites  by  the  composite  criterion  and  select¬ 
ing  a  certain  number  for  further  evaluation  Is  one  possibility.  Picking  a 
number  of  sites  above  a  certain  rank  Is  a  second  approach.  For  example,  nine 
of  the  sites  have  composite  criterion  values  of  seven  or  above  (including  the 
two  ranked  as  6+?).  It  also  may  be  desirable  to  retain  at  least  one  site  from 
each  type  of  disposal  site  (open  water,  upland,  and  nearshore). 

It  Is  important  to  remember,  however,  that  relying  solely  on  the  com¬ 
posite  criterion  is  inappropriate.  It  is  merely  an  aid  in  the  process;  spe¬ 
cific  characteristics  of  each  site  must  be  addressed,  as  was  done  In  the 
previous  paragraphs. 

Based  on  the  analyses,  the  following  sites  were  retained  for  further 

analysis  in  conjunction  with  specific  technologies:  Open  water  -  Hylebos/ 

Browns  Point;  Upland  -  Port  of  Tacoma  "D",  Puyallup  River/Railroad 

(+20  ft).  Port  of  Tacoma  "E"  (+35  ft);  and  Nearshore  -  Milwaukee  Waterway 

and  Blair  Waterway  slips.  The  Hylebos/Browns  Point  site  was  retained  because 
of  the  potential  for  more  complete  containment  of  sediment.  It  is  also  desir¬ 
able  to  consider  one  open-water  site,  and  this  one  edges  out  the  other  two. 

The  Port  of  Tacoma  "D"  and  Puyallup  Rlver/Rallroad  sites  both  had  large  capac¬ 
ities,  which  made  them  attractive.  In  addition.  Port  of  Tacoma  "E"  received  a 
high  composite  score,  although  it  does  not  have  capacity  below  +20  ft  MLLW. 

The  two  nearshore  sites  were  retained  because  of  their  overall  attractiveness. 

Site  Evaluation.  The  next  step  In  the  DMASS  flowchart  (Fig.  9.3)  Is  a 
more  thorough  evaluation  of  each  of  the  six  sites  retained  for  further 
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consideration.  This  case  study  from  this  point  on  will  not  present  as  much 
detail  as  would  be  required  in  an  actual  assessment,  simply  because  no  further 
analyses  have  been  done  on  the  Commencement  Bay  sites.  During  actual  site 
assessment,  however,  this  step  should  be  an  extensive  assessment  of 
characteristics  that  would  affect  transport  and/or  attenuation  of  the  con¬ 
taminant.  For  the  purpose  of  this  example,  the  following  assumptions  (some 
possibly  unrealistic)  were  made  concerning  the  characteristics  of  each  site. 

1.  Hylebos/Brown  Point  -  dispersion  of  pollutants  would  be  a  problem  if 
an  unrestricted  dump  were  allowed;  however,  no  problems  with  surge 
resuspension  are  expected.  It  is  expected  that  benthic  organisms 
will  reinhabit  the  site  following  disposal. 

2.  Port  of  Tacoma  "D"  -  geologic  evaluation  shows  that  no  attenuation  of 
leachate  would  occur  and  the  plume  would  degrade  the  underlying 
aquifer.  Effluent  water  would  violate  water  quality  criteria. 

3.  Puyallup  River/Railroad  -  geologic  evaluation  reveals  that  the  site 
will  provide  good  leachate  attenuation  yielding  no  degradation  of  the 
underlying  aquifer.  Effluent  water  would  violate  water  quality 
criteria. 

4.  Port  of  Tacoma  "E"  -  geologic  evaluation  shows  that  no  attenuation  of 
leachate  would  occur.  Effluent  water  would  violate  water  quality 
criteria. 

5/6.  Milwaukee  Waterway  and  Blair  Waterway  slips  -  in  both  cases  convec¬ 
tion  would  cause  problems  and  contaminant  levels  would  violate  water 
quality  standards.  Ground-water  flow  patterns  reveal  very  little 
exchange  between  the  surface  and  subsurface  water  bodies. 

Dredge/Transport  Selection.  For  each  potential  site  that  has  been  iden¬ 
tified,  compatible  dredging  and  transport  techniques  must  be  selected. 

For  the  Hylebos/Browns  Point  disposal  site,  the  flowchart  shown  in 
Figure  9.18  should  be  followed.  Characterization  of  the  sediment  and  analysis 
of  the  disposal  site  have  demonstrated  that  the  water  column  would  need  to  be 
isolated  during  disposal.  Therefore,  some  sort  of  conduit  or  downpipe  would 
need  to  be  employed.  Consideration  might  also  be  given  to  an  innovative 
technique,  such  as  solidification  of  the  sediment.  Presumably  a  solidifica¬ 
tion  process  would  require  the  sediment  to  be  slurried.  Although  such  a  tech¬ 
nique  is  untried,  it  will  be  retained  in  the  discussion. 
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Analysis  of  the  bottom  conditions  at  the  disposal  site  has  determined 
that  there  Is  no  need  to  control  the  surge  resulting  from  the  disposal. 

Since  the  disposal  conduit  can  only  accommodate  a  slurried  sediment  and 
since  solidification  also  requires  a  slurry,  restrictions  must  be  placed  on 
the  dredge/ transport  process.  The  following  four  options  are  compatible: 

(1)  hydraulically  dredge  and  pipe  sediment;  (2)  mechanically  dredge,  slurry 
the  sediment,  and  pipe  slurry;  (3)  mechanically  dredge,  barge,  and  then  slurry 
the  sediment  before  disposal;  and  (4)  hydraulically  dredge  and  barge  the 
slurry. 

Because  of  the  nature  of  the  sediment  and  the  characteristics  of  the 
site,  restrictions  are  also  necessary  at  the  dredge  site.  First,  because  the 
contaminants  are  easily  diffused  Into  the  water  column,  restrictions  are 
needed  to  limit  this  action.  In  addition,  because  of  the  physical  nature  of 
the  site,  the  Issue  of  maneuverability  limits  dredging  options  to  mechanical 
means.  Hence,  available  dredging  options  are  closed  clamshell,  closed  bucket, 
clamshell  with  silt  curtain,  or  bucket  with  silt  curtain. 

Checking  the  compatibility  of  these  options  with  the  options  remaining 
after  Imposition  of  disposal-site  restrictions  reveals  that  two  of  the  options 
must  be  eliminated  (those  using  hydraulic  dredging).  Hence,  for  open-water 
disposal  16  options  remain;  closed  clamshell,  closed  bucket,  clamshell/sllt 
curtain,  and  bucket/silt  curtain,  followed  by  one  of  four  transport  options: 
(1)  slurry,  pipe,  and  conduit  down;  (2)  barge,  slurry,  and  conduit  down; 

(3)  slurry,  solidify,  barge,  and  dump;  and  (4)  slurry,  pipe,  solidify,  and 
dump. 

All  five  upland  and  nearshore  potential  sites  are  considered  together 
since  there  are  only  minor  differences  In  how  each  site  would  affect  dredge/ 
transport  options.  The  progression  through  the  flowchart  in  Figure  9.18 
involves  only  the  lower  portion  of  the  diagram.  In  addition  to  piping  and 
barging  sediment,  truck  and  rail  transport  are  also  options.  Obviously,  prox¬ 
imity  to  a  road  or  a  rail  line  is  an  important  consideration.  Also  in  some 
cases,  combinations  of  transport  options  are  possible  (such  as  barge  then 
truck  or  pipe) ,  although  transferring  from  one  mode  to  another  would  increase 
the  cost.  Table  9.22  lists  possible  transport  means  for  each  of  the  five 
sites . 

Transport  combinations  have  been  eliminated  from  Table  9.20  since  at 
least  three  direct  transport  means  are  possible  for  each  site.  The 


Sites  for  Illustrative  Example 


Type  of  Transport-Feasibility* 


Baree 


Truck 


Pipe 


Port  of  Tacoma  "D" 
Puyallup  Rlver/Rallroad 
Port  of  Tacoma  "E" 
Milwaukee  Waterway 
Blair  Waterway 


Key  to  entries: 

X  =  feasible  means 

0  =  feasible  but  eliminated  because  another  means  clearly  dominated  for 
the  site. 


k 
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availability  of  a  transport  means  was  based  on  the  proximity  to  both  the 
dredging  site  and  disposal  site.  It  was  assumed  that  conveyors  could  easily 
be  used  to  move  sediment  over  a  distance  of  1/8  mile.  Therefore,  for  example, 
rail  transport  Is  feasible  If  a  rail  line  Is  within  1/8  mile  of  both  end 
points.  Similar  statements  can  be  made  for  truck  and  barge  transport.  Costs 
were  not  considered  In  Table  9.22;  It  only  considers  feasibility.  At  this 
stage,  consideration  of  options  such  as  truck  and  rail  transport  may  seem 
absurd  when  compared  to  piping.  However,  when  considering  the  need  for 
mechanical  dredging  and  when  looking  ahead  to  the  possible  reduced  treatment 
costs  for  concentrated  material.  It  may  be  advantageous  to  keep  the  sediment 
in  as  solid  a  state  as  possible  (l.e.,  avoid  piping).  When  costs  are  con¬ 
sidered,  the  piping  option  may  be  Inferior  since  the  Increased  cost  of 
slurrying  sediment  and  the  Increased  cost  of  treating  larger  quantities  of 
water  may  outweigh  the  savings  of  pumping  and  piping. 

At  this  point,  some  of  the  options  in  Table  9.22  can  (and  should)  be 
eliminated  since  other  options  clearly  dominate.  At  least  one  option  should 
be  retained  for  each  site.  For  the  two  nearshore  sites,  barging  Is  the 
obvious  choice  to  retain  since  truck  and  rail  transport  are  bound  to  be  more 
expensive  (and  more  cumbersome)  and  piping  would  seem  Inconsistent  with 
mechanical  dredging.  Rail  transport  was  eliminated  for  the  other  sites 
because  It  does  not  appear  to  have  an  advantage  over  trucking. 

After  elimination  of  these  dominated  transport  options,  36  dredge/ 
transport/site  possibilities  still  exist;  closed  clamshell,  closed  bucket, 
clamshell/sllt  curtain,  and  bucket/silt  curtain  for  each  of  the  options 
labeled  with  an  X  In  Table  9.22. 

Pathways  of  Concern.  From  the  previous  discussion,  it  Is  clear  that 
restrictions  are  necessary  for  a  number  of  reasons.  If  one  of  the  sites  had 
been  suitable  for  unrestricted  disposal.  It  could  be  selected  without  proceed¬ 
ing  further  through  the  DMASS  flowchart  (Fig.  9.3).  It  is  also  possible  that 
further  Information  is  needed,  either  In  terms  of  disposal  site  or  dredged 
material  characteristics.  Even  If  a  site  allowing  unrestricted  disposal  were 
Identified,  it  might  be  advantageous  to  continue  through  the  flowchart, 
saving  the  unrestricted  disposal  alternative  for  comparison  with  other  alter¬ 
natives,  based  on  all  of  the  evaluation  criteria. 
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The  next  phase  in  the  framework  Is  to  select  and  screen  technologies 
capable  of  addressing  the  pathways  of  concern.  For  the  potential  sites,  path¬ 
ways  are  repeated  below: 

a.  Hylebos/ Browns  Point.  Two  pathways  have  been  Identified:  water 
column  and  effects  on  benthic  organisms.  The  water  column  has 
already  been  addressed  with  the  downplpe. 

b.  Port  of  Tacoma  Sites  "D"  and  "E."  Two  pathways  for  each  site  have 
been  Identified,  leachate  contamination  of  ground  water  and  effluent 
contamination  of  receiving  water  bodies. 

c.  Puyallup  Rlver/Rallroad.  The  only  pathway  of  concern  Is  contamina¬ 
tion  of  the  receiving  water  by  effluent  concentrations. 

d.  Milwaukee  and  Blair  Waterways.  Both  sites  need  to  have  controls  to 
prevent  excessive  diffusion. 

Alternative  Development  and  Initial  Screening 

Any  number  of  technologies  and  technology  schemes  are  available  for 
dredglng/transportatlon/dlsposal  of  contaminated  sediment.  These  were 
detailed  In  Parts  II  through  VI  and  summarized  earlier  In  this  part.  To  pro¬ 
vide  a  preliminary  assessment  of  the  applicability  of  these  technologies  to 
Commencement  Bay,  the  appropriate  criteria  were  applied  to  the  technologies  to 
screen  out  those  that  are  not  likely  to  be  viable  and/or  efficient  options. 

Select  Potential  Technologies.  Selection  of  potential  technologies  for 
the  project  Involves  a  general  knowledge  of  how  technologies  and  combinations 
of  technologies  will  address  the  contaminants  of  concern:  In  this  case, 
soluble  heavy  metals  and  organics  that  tend  to  stay  bound  to  the  sediment. 

The  selection  is  also  done  knowing  the  types  of  disposal  sites  that  have  been 
retained  for  further  consideration.  In  this  case,  all  three  types,  open 
water,  upland  and  nearshore,  are  still  candidates.  All  possible  containment 
and  treatment  technologies  that  are  applicable  to  the  disposal  of  sediment 
from  the  TOTE  dredging  project  were  considered.  Some  were  eliminated  without 
formally  being  evaluated  In  terms  of  the  NCP  criteria,  simply  because  their 
inappropriateness  was  apparent  at  a  glance.  For  example,  volltallzation  of 
contaminants  was  not  a  problem;  therefore,  no  means  to  address  volltallzation 
were  considered. 

Those  technologies  that  were  addressed  can  be  grouped  into  (1)  site  con¬ 
trols,  (2)  effluent/supernatant  treatment,  and  (3)  leachate  treatment.  Site 
controls  Included  liners,  covers,  underdrains,  dikes,  and  stabilization. 
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Treatment  practices  are  diagramed  In  Fig.  9.33  as  they  were  considered  by 
Phillips  et  al.  (1985).  Leachate  treatment  was  approached  In  a  simple  manner 
and  was  either  considered  (and  treated  offsite  after  underdrain  collection)  or 
not  considered. 

Reasonable  technology  schemes  for  upland,  nearshore,  and  open-water  sites 
are  shown  In  Tables  9.23,  9.2A  and  9.25,  respectively.  The  various  schemes 
will  not  be  detailed  here  and  should  be  somewhat  self-explanatory.  Upland 
disposal  scheme  number  11,  for  example,  would  result  In  a  lined  site  with 
underdrains  to  collect  leachate,  which  would  be  discharged  to  a  local  sewer 
for  offsite  treatment.  In  addition,  any  effluent  or  supernatant  water  would 
be  treated  by  plain  sedimentation,  chemical  clarification,  and  filtration 
before  being  discharged  to  a  receiving  stream. 

Tables  9.23,  9. 24,  and  9.25  also  list  values  for  the  NCP  screening  cri¬ 
teria  for  each  of  the  schemes.  These  values  are  crude  approximations  (par¬ 
ticularly  for  this  case  study).  Estimated  costs  are  subjective  ballpark 
values  based  on  estimates  from  Phillips  et  al.  (1985).  The  values  for  Impact 
and  accepted  engineering  practice  are  also  subjective  assessments,  based  on 
one  person's  general  knowledge  of  how  the  schemes  would  behave  for  these 
criteria.  Values  for  the  Impact  criterion  were  estimated  on  the  basis  of  how 
the  scheme  would  address  all  pathways  of  concern. 

Schemes  were  eliminated  based  on  values  given  the  criteria  for  a  scheme. 
Any  scheme  with  a  cost  that  exceeded  another  by  an  order  of  magnitude  was 
eliminated.  On  this  basis,  open-water  disposal  schemes  5,  6,  and  7  were 
dropped.  It  was  assumed  that  the  cost  of  solidification  was  far  too  great  to 
allow  further  consideration.  The  reliability  of  this  technology  Is  also 
unknown,  resulting  In  a  low  ranking  for  accepted  engineering  practice.  In 
addition  to  the  cost  criterion,  all  schemes  with  high  Impact  values  and  low 
values  for  accepted  engineering  practice  were  eliminated.  Schemes  that  were 
retained  are  Identified  in  the  last  columns  of  the  three  tables. 

Formulation  of  Alternatives.  Alternatives  were  next  formulated  based  on 
the  potential  sites  and  schemes  that  were  retained  for  further  consideration. 
For  nearshore  disposal,  there  are  36  alternatives  (18  possible  schemes  for 
each  of  two  sites),  and  for  open-water  disposal,  there  are  three.  Because  of 
the  differences  in  geologic  characteristics  among  the  upland  sites,  not  all 
schemes  are  appropriate  for  all  sites.  Those  schemes  without  a  liner  were 
considered  appropriate  only  for  the  Puyallup  River/Railroad  Site  because  of 
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Figure  9.33.  Treatment  processes  showing 
estimated  removal  efficiencies 
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the  presence  of  a  natural  clay  liner.  Table  9.26  shows  the  appropriate  com¬ 
binations,  resulting  in  63  alternatives. 

When  all  three  types  of  disposal  sites  are  considered  there  are 
84  alternatives. 

Screening  of  Alternatives.  It  was  decided  chat  the  final  evaluation 
should  Include  alternatives  for  each  type  of  disposal  site  and,  further,  that 
each  type  of  site  have  three  alternatives  for  more  detailed  evaluation.  The 
screening  process,  therefore,  followed  the  flowchart  shown  in  Fig.  9,21.  This 
process  requires  a  ranking  of  all  alternatives  by  cost  for  each  type  of  site 
and  then  evaluating  other  criteria  to  see  if  they  are  acceptable.  Each 
alternative  in  each  ranked  list  is  evaluated  until  three  are  acceptable. 

At  this  stage  the  full  list  of  nine  criteria  was  used  to  evaluate  the 
alternatives.  For  this  case  study,  assumed  values  will  be  used  for  the  cri¬ 
teria.  In  an  actual  application,  a  more  thorough  analysis  of  the  criteria 
would  be  performed,  particularly  for  cost  and  environmental  impact.  Tradi¬ 
tional  cost-estimating  techniques  would  be  used  given  the  level  of  detail  that 
is  available  at  this  stage.  Environmental  impact  would  be  assessed  by  step¬ 
ping  through  the  flowcharts  shown  in  Figs.  9.22,  9.24,  9,25,  and  9,29,  which 
represent  the  Identified  contaminant  pathways. 

The  first  step  in  the  progression  through  the  flowchart  in  Figure  9.17  is 
to  formulate  all  potential  alternatives.  These  can  be  obtained  from 
Tables  9.23,  9.24,  9.25,  and  9.26.  Determining  the  cost  for  each  potential 
alternative  would  Involve  cost-estimating  techniques.  This  step  has  not  been 
done  here;  rather,  values  were  assumed  as  being  somewhat  close  to  those  used 
in  Tables  9.22,  9.24,  and  9.25.  These  values  are  shown  in  Tables  9.27  and 
9.28  for  upland  and  nearshore  sites,  respectively.  Only  partial  listings  of 
alternatives  (those  with  lower  costs)  are  shown  in  the  tables.  No  table  for 
open-water  disposal  is  shown  since  only  three  alternatives  were  available 
before  the  screening.  Therefore,  this  entire  step  was  bypassed  for  open-water 
disposal,  and  all  three  alternatives  were  retained  for  detailed  evaluation. 

In  effect,  the  uppermost  path  in  Fig.  9.15  was  followed. 

Once  ranks  are  determined  for  the  potential  alternatives,  values  for  the 
remaining  schemes  are  determined.  Tables  9.27  and  9.28  merely  note  whether 
the  schemes  were  acceptable  or  not.  Once  three  alternatives  have  been  deter¬ 
mined  as  acceptable  (according  to  all  criteria) ,  the  process  stops  and  the 
three  alternatives  are  saved  for  detailed  evaluation. 


*  Key:  P.O.T.  D  -  Port  of  Tacoma,  Site  D 
P.O.T.  E  -  Port  of  Tacoma,  Site  E 


PR/RR  -  Puyallup  Rlver/Rallroad  Site 
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Tabic  9.28 


Table  9.29  lists  the  nine  resulting  alternatives  remaining  after  applying 
the  screening  process. 

Detailed  Evaluation  and  Ranking 

The  next  phase  in  the  framework  is  a  detailed  evaluation  of  the  nine 
alternatives  identified  in  the  previous  section.  Again,  the  case  study 
example  will  not  address  the  degree  of  detail  that  would  normally  be  con¬ 
sidered  at  this  point.  However,  the  process  will  be  followed  using  hypothet¬ 
ical  values. 


Thorough  Delineation  of  Alternatives.  The  nine  alternatives  listed  in 
Table  9.29  represent  only  brief  descriptions  of  schemes  for  addressing  the 
dredging,  transport,  treatment  and/or  disposal  of  the  dredged  material.  For 
example.  Alternative  F  Includes  the  use  of  a  cover  at  the  Puyallup  River/ 
Railroad  Site  and  Incorporates  plain  sedimentation  followed  by  chemical  pre¬ 
cipitation  and  filtration.  However,  few  details  beyond  these  general  specifi¬ 
cations  have  been  made. 

At  this  point  in  the  process,  considerably  more  detail  is  added  for  each 
alternative.  For  example,  the  cover  portion  of  Alternative  F  could  be 
designed  in  a  number  of  different  ways.  Two  basic  options  are  depicted  in 
Part  IV  of  this  report.  In  addition,  a  host  of  different  synthetic  liners 
could  be  used  in  place  of  the  barrier  layer  of  clay.  Also,  different  thick¬ 
nesses  of  the  various  layers  are  possible,  resulting  in  an  almost  Infinite 
number  of  designs,  simply  for  the  cover  of  the  site. 

The  specification  of  the  details  for  each  alternative  Involve  a  mixture 
of  experience  and,  possibly,  design  testing  to  narrow  the  choices  to  those 
that  best  meet  the  requirements  at  the  lowest  cost.  For  example,  a  synthetic 
barrier  may  be  chosen  over  clay,  based  on  knowledge  of  the  type  of  material 
being  disposed,  or  possibly  on  the  availability  of  clay. 

These  sorts  of  decisions  must  be  made  at  this  point  so  that  a  detailed 
assessment  of  each  alternative  can  be  determined  in  terms  of  the  nine  evalua¬ 
tion  criteria  (cost,  reliability,  etc.).  Parts  IV,  V,  and  VI  of  this  report 
and  a  host  of  other  references  are  available  for  guidance  on  the  selection  of 
design  components  and  their  effect  on  cost,  reliability,  effectiveness,  etc. 

The  remainder  of  this  section  will  provide  more  detail  on  the  alterna¬ 
tives  to  give  somewhat  of  an  idea  of  the  level  of  detail  necessary  for  the 
next  step  in  the  process.  Since  there  are  many  similarities  among  the 
schemes,  each  alternative  will  not  be  described.  Instead,  Table  9.29  will  be 


Table  9.29 

Nine  Alternatlvea  Remaining  After  Screening  Procese  for  Illuatratlve  Exanple 
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used  as  a  basis  for  the  discussion,  and  detail  will  be  provided  on  general 
technologies. 

Dredge 


All  six  alternatives  utilize  the  same  means  of  dredging.  A  clamshell 
bucket  dredge  operating  from  the  barge  was  chosen  because  of  the  configuration 
of  the  site  and  the  desire  to  dredge  mechanically.  The  clamshell  could  easily 
discharge  directly  to  the  barge  for  transport  to  the  disposal  site  or,  in  the 
case  of  the  pipeline  transport,  directly  to  facility  which  would  slurry  and 
pump  the  sediment.  A  silt  curtain  would  be  used  to  control  resuspension  and 
possible  contamination  of  the  waterway.  The  silt  curtain  was  chosen  because 
of  the  relative  ease  of  Its  use;  the  water  at  the  site  is  relatively  shallow; 
and  the  curtain  would  need  to  surround  only  part  of  the  site  since  the  shore¬ 
line  provides  another  boundary. 

Transport 

For  the  open-water  disposal  alternatives  (A,  B,  and  C) ,  the  dredged  mate¬ 
rial  would  be  slurried  at  a  facility  located  on  the  shore  (or  nearby  barge) 
and  pumped  to  the  disposal  site.  The  slurry  mechanism  would  break  up  large 
clumps  of  sediment  and  mix  approximately  10  parts  water  (pumped  from  the 
waterway)  to  1  part  sediment.  The  slurry  would  be  screened  to  remove  foreign 
objects  before  being  pumped  by  a  positive  displacement  pump  capable  of  han¬ 
dling  up  to  10,000  gpm  of  slurry.  The  material  would  be  pumped  through  a 
floating  8-in. -diameter  pipeline  to  the  disposal  site. 

For  the  upland  disposal  site,  the  barge  would  be  towed  to  and  moored 
along  side  the  site  in  the  Puyallup  River.  The  clamshell  crane  would  unload 
sediment  to  a  conveyor  belt  allowing  transport  to  the  northeast  corner  of  the 
disposal  site.  This  corner  was  selected  to  allow  further,  more  convenient  use 
of  the  rest  of  the  site  for  other  projects. 

The  same  mechanism  would  be  used  for  nearshore  disposal  except  that  the 
clamshell  would  discharge  directly  to  the  subsurface  site. 

Disposal/Treatment 

No  treatment  is  provided  for  open-water  disposal.  However,  because  of 
the  potential  for  dispersion  during  disposal,  the  slurry  would  be  pumped  down 
a  12-ln.  conduit  to  within  20  ft  of  the  bottom.  A  positive  displacement  pump, 
also  capable  of  pumping  10,000  gpm,  would  be  used  at  the  surface. 

For  both  upland  and  nearshore  disposal,  any  water  draining  from  the  sedi¬ 
ment  would  be  treated.  Since  the  material  will  have  been  mechanically 


dredged,  the  volume  of  water  requiring  treatment  would  be  small.  Therefore, 
temporary  portable  treatment  units  would  be  used  where  possible.  At  the 
upland  disposal  site,  the  existence  of  a  natural  clay  liner  and  excess  space 
would  allow  construction  of  an  In-ground  sedimentation  basin.  The  design 
would  allow  gravity  drainage  from  the  deposited  material  to  the  basin.  Since 
the  volume  of  water  expected  as  effluent  from  the  sediment  Is  estimated  at 
10  million  gallons,  two  batch  sedimentation  basins  would  be  utilized.  Each 
would  allow  for  a  depth  of  3  ft  and  have  a  surface  area  of  approximately 
1/8  acre.  One  would  allow  sedimentation  while  the  other  would  be  drained  to 
allow  further  treatment  of  the  supernatant.  Due  to  the  space  limitations  at 
the  nearshore  disposal  sites,  a  temporary,  hlgh-rate,  rectangular  sedimenta¬ 
tion  basin  mounted  on  a  barge  would  be  utilized.  Since  the  sediment  would  be 
placed  directly  into  the  site  (below  the  low  tide  level),  it  would  not  yield 
as  much  effluent  water.  However,  water  over  the  site  will  become  contaminated 
during  disposal  and  should  be  treated  following  completion  of  the  operation. 
This  volume  of  water,  however,  would  require  a  lesser  degree  of  treatment 
since  pollutant  concentrations  will  be  low. 

Both  upland  and  nearshore  sites  would  utilize  portable  units  for  chemical 
clarification  or  chemical  precipitation.  Assuming  a  one-month  period  for 
disposal  of  the  sediment  the  units  would  have  to  have  a  flow-rate  capacity  of 
40  gpm. 

Small  sand  filters,  of  the  type  described  in  Part  IV,  would  be  con¬ 
structed  at  the  upland  sites;  for  the  nearshore  sites,  similar  filters  would 
be  built  on  the  barge  containing  the  earlier  treatment  processes. 

Site  Controls 

For  the  open-water  disposal  alternatives,  site  controls  include 
construction  of  a  dike  or  a  cover,  or  a  combination  of  both.  The  dike  would 
need  to  be  placed  before  disposition  of  the  contaminated  sediment  and  would 
come  from  dredging  of  an  uncontaminated  site.  Approximately  10,000  cu  yd  of 
material  would  be  needed  for  the  dike.  The  cover  will  consist  of  uncontami¬ 
nated,  dredged  material  to  a  depth  of  4  ft.  Approximately  10,000  - 
15,000  cu  yd  would  be  necessary  to  ensure  a  proper  cover.  The  uncontaminated 
lower  layer  of  sediment  to  be  dredged  at  the  TOTE  facility  would  be  the 
obvious  choice  for  the  cover  material  since  the  means  for  dredging,  transport, 
and  disposal  are  all  In  place. 


For  the  upland  alternatives,  the  site  would  be  excavated  to  a  depth  of 
4-5  ft  with  the  excavated  clay  used  as  a  dike  to  contain  the  material.  This 
excavation  would  be  done  In  conjunction  with  construction  of  the  settling 
basins.  Approximately  1  acre  would  be  necessary  for  a  finished  grade  of  20  ft 
above  the  existing  ground  level.  The  cover  for  the  completed  fill  area  would 
consist  of  four  layers;  loam  -  18  In,;  gravel  -  6  In.;  clay  -  12  In.;  and 
gravel  -  6  In.  The  site  would  be  graded  to  ensure  that  water  does  not  flow 
onto  the  site,  does  not  pond,  and  flows  easily  from  the  site. 

For  the  nearshore  alternatives,  only  the  portion  of  the  site  below  the 
low  tide  line  would  be  used  for  contaminated  material.  By  keeping  the  contam¬ 
inated  dredged  material  In  an  anaerobic  environment,  the  chance  of  dispersing 
the  contaminant  metals  Is  greatly  reduced.  To  ensure  the  adequacy  of  this 
plan,  the  area  should  be  about  1-1/2  acres  In  the  Innermost  portion  of  the 
site  with  a  subsurface  dike  at  the  outer  edge  to  contain  the  material.  The 
necessary  volume  of  uncontaminated  material  used  for  the  dike  would  be  approx¬ 
imately  5,000  cu  yd.  The  upper  2-ft  layer  of  the  contaminated  material  would 
be  stabilized  using  lime  to  reduce  the  risk  of  dispersion. 

Assessment  of  Criteria  Values.  More  detailed  designations  of  the  alter¬ 
natives,  as  has  just  been  described,  allows  a  better  assessment  of  the  alter¬ 
natives  in  terms  of  the  evaluation  criteria,  particularly  Initial  cost  and 
operation  and  maintenance  cost.  Using  the  numerical  ranks  shown  in  Table  9.13 
for  the  seven  qualitative  criteria,  each  alternative  was  evaluated.  The 
results,  along  with  a  composite  criterion,  are  shown  In  Table  9.30.  The  cri¬ 
teria  were  weighed  equally  In  determining  the  composite  criterion  rank. 

Table  9.31  shows  the  costs  associated  with  each  alternative.  For  this  case 
study,  these  costs  are  rough  approximations  of  the  costs  associated  with  each 
alternative.  Actual  assessment  of  the  costs  of  each  alternative  would  Involve 
a  detailed  determination  based  on  the  descriptions  provided  in  the  previous 
subsection. 

Ranking  of  Alternatives.  For  each  alternative,  values  for  the  two  com¬ 
posite  criteria  are  plotted  In  Fig.  9.34.  From  the  plot.  It  can  be  seen  that 
no  one  alternative  stands  out  as  being  clearly  dominant  over  the  others. 
However,  four  alternatives  (D,  E,  G  and  C)  dominate  the  other  five.  This 
result,  however,  should  be  viewed  in  terms  of  the  various  assumptions  that 
were  used  In  the  process  leading  up  to  this  point.  Although  the  multicriteria 
plot  does  not  put  relative  weights  on  the  two  composite  criteria,  the  display 


Assuming  equal  weights  for  the  seven  criteria. 


*  Present  value  (PV)  cost  calculated  using  Interest  rate  of  10  percent  and  an 
infinite  time  period 


gives  an  Illusion  that  they  are  treated  equally.  In  addition,  seven  different 
criteria  make  up  the  composite  qualitative  criterion,  while  only  two  are  used 
in  the  composite  cost  criterion.  An  example  of  how  the  results  might  change 
can  be  shown  using  one  number:  if  the  O&M  costs  for  Alternative  C  were  over¬ 
estimated  by  $10,000  per  year,  the  composite  cost  criterion  (after  amortiza¬ 
tion)  would  shift  from  $760,000  to  $660,000.  This  shift  would  move  point  C  in 
Fig.  9.34  to  a  point  much  higher,  where  Alternative  C  would  dominate 
Alternative  G  and  would  appear  very  competitive  with  Alternatives  D  and  E. 

Any  number  of  seemingly  minor  changes  such  as  this  could  have  a  significant 
Impact  on  the  final  selection. 

At  this  point  results  of  the  process  must  be  combined  with  knowledge  of 
subjective  aspects  associated  with  each  alternative  that  may  not  have  been 
adequately  considered  in  the  evaluation  of  the  nine  criteria.  If  costs  were 
considered  a  major  factor  in  the  decision  process,  then  the  alternatives  would 
be  ranked  D,  E,  G  and  C.  If,  however,  the  qualitative  criteria  were  viewed  as 
being  more  Important,  then  the  ranked  order  would  be  the  exact  opposite. 

Other  aspects  that  may  come  into  play  at  this  point  include  any  of  the 
following:  political  factors;  expected  near-term  Innovations  in  technology; 
personal  or  group  biases;  unexpected  changes  in  criteria  values  (e.g.,  heavy 
public  resistance  during  the  selection  process);  or  consideration  of  interac¬ 
tion  with  other  dredging  projects. 

With  regard  to  the  four  identified  alternatives,  several  factors  may 
Influence  the  ranking  of  alternatives.  The  Port  of  Tacoma  is  eager  to  fill 
both  the  Milwaukee  Waterway  and  the  Blair  Slips  so  that  the  area  can  be  better 
utilized.  The  Port  would  like  to  complete  the  Milwaukee  Waterway  within  the 
next  two  years.  The  desire  on  the  part  of  the  Port  would  favor  use  of  either 
of  these  sites  as  long  as  the  project  were  to  commence  in  the  specified  time 
frame.  There  is  considerable  Industrial  activity  around  the  Blair  Slips,  a 
factor  that  would  need  to  be  accounted  for.  In  addition,  the  inner  slip  is 
being  used  by  a  fleet  of  shallow-draft  ships. 

Since  there  are  bound  to  be  many  other  dredging  projects  in  the  bay 
within  the  foreseeable  future,  it  might  be  wise  to  plan  and  prepare  a  site 
capable  of  handling  a  large  amount  of  dredged  material.  This  approach  would 
mean  that  staged  construction  could  be  planned  and  treatment  facilities  could 
be  used  for  several  projects.  This  consideration  would  favor  Alternatives  C 
(Hylebos /Browns  Point)  and  G  (Blair  Slips).  Although  the  Puyallup 


Rlver/Rallroad  Site  is  large.  Its  full  capacity  might  not  be  available  because 
of  the  presence  of  a  wetland  and  a  former  meandering  river  channel  claimed  by 
Puyallup  Indians. 

An  agrument  on  the  other  side  could  also  be  made;  since  the  TOTE  project 
Is  so  small,  only  a  small  disposal  site  should  be  used.  This  view  would  favor 
a  portion  of  the  Puyallup  Rlver/Rallroad  Site  (Alternatives  D  and  E)  and  one 
of  the  Blair  Waterway  Slips  (Alternative  G) .  The  fact  that  the  Blair  Slips 
can  be  considered  as  a  large  capacity  site  or  three  smaller  sites  puts  Alter¬ 
native  G  In  a  good  light.  Staged  use  of  the  site  would  (1)  allow  for  easy  use 
for  small  dredging  projects,  (2)  provide  a  large  capacity,  (3)  possibly  allow 
for  better  coordination  with  Industrial  activity,  and  (4)  give  time  to 
relocate  the  ships  currently  using  the  Inner  slip. 

Another  consideration  that  did  not  unfold  during  evaluation  of  Alterna¬ 
tive  C  (Blair  Slips)  was  that  the  deposited  dredged  material  could  easily  be 
covered  by  clean  material  dredged  from  the  bottom  layer  of  the  TOTE  site. 

This  fact  could  easily  warrant  the  use  of  a  higher  value  for  the  environmental 
criterion  and  thereby  increase  the  value  for  the  composite  quantitative  cri¬ 
terion  for  that  alternative. 

Given  all  of  these  considerations  and  the  results  of  the  process,  a 
likely  ranking  would  be: 


Rankins 


Alternative 


Alternatives  D  and  E  are  not  much  different,  and  Increased  quality  of  effluent 
water  for  Alternative  E  would  probably  not  justify  the  increase  In  cost. 
Discussion  of  Case  Study 

It  should  be  reemphasized  that  the  amount  of  work  that  went  into  the 
preparation  of  this  case  study  is  far  less  than  would  be  necessary  to  actually 
follow  through  the  process  for  an  actual  project.  Because  the  case  study  Is 
merely  an  Illustration,  countless  shortcuts  were  taken  for  the  sake  of  expedi¬ 
ency.  Two  facets  emphasize  this  fact:  very  little  detail  was  provided  for 
the  final  alternatives,  and  almost  no  justification  was  provided  throughout 


the  process  on  why  certain  decisions  were  made.  The  time  and  resources  avail¬ 
able  for  preparing  the  case  study  were  simply  not  sufficient  to  go  further. 

In  an  actual  application.  Increased  level  of  detail  and  appropriate  justifica¬ 
tion  would  be  necessary  and  would  go  hand-in-hand  throughout  the  process.  In 
most  cases,  choices  would  be  regional  administrative  decisions  made  by  the 
appropriate  local,  regional,  and/or  state  authorities. 

Some  of  the  values  and  numbers  used  in  the  case  study  may  seem  unreason¬ 
able.  An  attempt  was  made  to  provide  realistic  values  wherever  possible. 
However,  the  necessary  backup  calculations  were  not  made,  and  often  numbers 
(for  example  costs)  were  simply  assumed.  In  other  cases  slightly  unrealistic 
assumptions  (e.g.,  the  natural  clay  liner  at  the  Puyallup  River/Railroad  Site) 
were  made  to  allow  adequate  presentation  of  the  process. 

In  summary,  the  case  study  is  presented  only  to  display  the  process 
Involved  in  using  the  framework.  Although  the  TOTE  project  was  a  real 
dredging  problem,  the  decisions,  numbers,  and  values  used  in  the  case  study 
should  not  necessarily  be  regarded  as  having  validity.  The  case  study 
Illustrates  the  decision  making  process. 

As  a  follow  up  on  the  actual  actions  taken  at  the  TOTE  facility,  the  con¬ 
taminated  upper  layer  was  removed  and  placed  in  a  temporary,  lined  containment 
site,  slightly  upstream  from  the  dredge  site.  The  operation  cost  approxi¬ 
mately  $430,000.  A  decision  on  the  ultimate  fate  of  the  temporarily  stored 
material  has  yet  to  be  made. 


Summary  of  DMASS  Framework 


This  part  of  the  report  presents  a  general  procedure  to  assist  In  deri¬ 
sions  regarding  the  dredging,  transport,  treatment,  and/or  dlsposil  of 
contaminated  dredged  material.  The  process  Involves  five  phases:  i!'  : r , 
sumption  of  contaminant  pathway,  (2)  confirmation  of  contaminant  p.itf.-.  :  , 

(3)  alternative  development  and  screening,  (4)  detailed  evaluntlor  a:  •  .  . 
ing,  and  (5)  alternative  selection.  The  first  and  last  phases  ve*f  • 
covered  in  great  detail  in  this  part;  the  presumption  of  ront.m  i- 
phase  is  thoroughly  described  in  Lee  et  al.  (1985),  and  the  • 

tion  phase  involves  the  actual  decisions  on  which  pro'c  r  •' 
final  design.  This  final  step  is  one  that  Involves  hurr.a-  <  ■ 

ing  it  difficult  to  establish  set  rules  or  pathwavs.  i'*  r. 


process  leading  up  to  the  final  decision  Is  to  provide  as  much  meaningful 
Information  as  possible,  without  muddling  the  Issue  with  an  overwhelming  array 
of  facts  and  data. 

The  three  major  phases  covered  In  this  part  (confirmation  of  contaminant 
pathway,  alternative  development  and  screening,  and  detailed  evaluation  and 
ranking)  represent  a  process  which  selectively  screens  potential  disposal 
sites,  screens  available  technologies,  and  combines  sites  and  technology 
schemes  to  form  alternatives  that  are  further  screened  to  a  set  that  can  be 
ranked  for  final  selection.  The  Intent  of  the  process  Is  to  eliminate  poor 
choices  as  soon  as  possible  In  the  process  while  retaining  options  that  are 
worthy  of  further  consideration.  By  eliminating  as  many  options  early  In  the 
process,  considerable  resources  can  be  saved  later  In  the  process  when  more 
detailed  (and  therefore  more  costly)  evaluations  are  necessary. 

The  process  presented  In  this  part  represents  an  ongoing  effort  to 
develop  a  logical  and  straightforward  approach  to  a  very  complex  problem.  As 
more  experience  Is  gained  In  the  area  of  the  disposal  of  contaminated  dredged 
material,  modifications  to  the  process  may  be  warranted.  In  addition,  explo¬ 
ration  of  other  related  Issues,  outlined  In  Part  XI  of  this  report,  may  help 
to  enhance  the  overall  process. 


PART  X;  CONCEPTS  FOR  EVALUATING  THE  DESIGN  WITHOUT  TESTING  OPTION 


Background 


The  Decisionmaking  Framework  (Lee  et  al.  1985,  Peddicord  1986)  proposes  a 
variety  of  tests  for  the  determination  of  appropriate  restrictions  on  the  dis¬ 
posal  of  contaminated  dredged  material.  The  tests  may  be  roughly  divided  into 
two  categories:  tests  to  determine  sediment  characteristics  (usually  bulk 
chemistry  and  simple  bloassays)  of  the  sediment  to  be  dredged  and  tests  to 
determine  the  potential  for  contaminant  mobility.  Whereas  those  for  deter¬ 
mining  sediment  characteristics  are  relatively  inexpensive,  tests  for  deter¬ 
mining  the  potential  for  contaminant  mobility  are  expensive,  time  consuming, 
and,  in  many  cases,  are  not  conducted  using  a  standard  test  protocol. 

An  alternative  to  these  extensive  testing  procedures  is  the  concept  of 
conservative  design  or  design  based  on  the  sediment's  bulk  chemistry.  Using 
this  concept,  the  disposal  site  is  designed  to  control  the  known  characteris¬ 
tics  of  the  dredged  material  (based  on  bulk  chemistry)  and  to  meet  stringent 
restrictions  for  assumed  unknown  characteristics.  The  basis  for  this  strategy 
is  the  idea  that  implementation  of  a  control/treatment  alternative  designed 
from  bulk  sediment  chemistry  data  may  be  more  economical  or  more  expedient 
than  conducting  the  extensive  testing  protocols  Identified  by  the  decision¬ 
making  framework  (Lee  et  al.  1985,  Peddicord  et  al.  1986).  Cost  concerns  and 
time  constraints,  as  well  as  technical  factors,  influence  the  decision  to  sub¬ 
stitute  design  in  lieu  of  extensive  testing. 

Contaminant  mobility  testing  may  not  be  necessary  under  at  least  three 
scenarios: 


a.  Bulk  chemistry  results  indicate  that  the  material  is  acceptably  clean 
and  standard  disposal  site  design  criteria  apply. 

b.  The  intended  future  use  of  the  disposal  site  imposes  design  restric¬ 
tions  more  stringent  than  those  that  would  otherwise  be  required.  For  exam¬ 
ple,  if  an  upland  disposal  site  is  to  be  capped  and  sealed  because  the  site  is 
planned  for  future  industrial  use,  plant  and  animal  bloaccumulatlon  testing 
could  be  avoided. 


c.  The  use  of  the  most  environmentally  protective  design  is  more  cost 
effective  than  incurring  the  cost  of  testing  to  demonstrate  that  a  less 
restrictive  design  is  appropriate. 
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There  is  currently  no  standard  design  for  a  contaminated  dredged  material 
disposal  site.  Conceptual  designs  are  usually  based  on  the  addition  of  appro¬ 
priate  design  features  to  conventional  sites  that  address  anticipated  contami¬ 
nant  migration  pathways.  Since  contaminant  migration  pathways  determine 
appropriate  restriction  alternatives,  disposal  site  characteristics  are  as 
Important  as  sediment  characteristics.  Another  approach  Is  to  begin  with  the 
most  environmentally  secure  facility  and  delete  design  features  until  an 
appropriate  level  of  restriction  Is  attained.  In  either  case.  It  Is  necessary 
to  define  both  a  conventional  facility  and  an  environmentally  secure  facility. 

A  typical  upland  disposal  site  design  Is  presented  In  Appendix  D.  Similar 
typical  designs  are  not  available  for  nearshore,  restricted  open-water,  or 
environmentally  secure  facilities  for  any  of  the  three  types  of  disposal. 

Design  features  incorporated  into  an  environmentally  secure  facility 
depend  as  much  on  regulatory  standards  and  public  pressures  as  technical 
requirements.  Thus,  there  is  no  universally  accepted  design  for  an  environ¬ 
mentally  secure  facility  for  disposal  of  contaminated  dredged  material.  In 
such  cases,  it  is  standard  engineering  practice  to  adapt  design  concepts  from 
similar  facilities.  Unfortunately,  there  are  no  similar  facilities  for 
restricted  open-water  or  nearshore  disposal.  For  upland  and  possibly  near 
shore  sites,  guidance  can  be  obtained  by  reviewing  the  USEPA  hazardous  waste 
landfill  regulations  promulgated  under  the  Resource  Conservation  and  Recovery 
Act  (40  CFR  264) .  These  standards  apply  to  facilities  designed  to  contain 
hazardous  wastes  and  are  overly  conservative  for  application  to  a  typical  con¬ 
taminated  dredged  material.  To  provide  a  point  of  reference,  however,  a 
summary  of  these  standards  is  presented  in  Appendix  E.  The  technical  require 
ments  of  these  standards  are  not  directly  applicable  to  the  disposal  of  con¬ 
taminated  dredged  material,  and  in  many  cases  the  criteria  may  Indeed  be 
technically  infeasible  when  applied  to  contaminated  dredged  material.  How¬ 
ever,  the  general  concepts  provided  by  these  criteria  can  be  used  to  identify 
design  considerations  applicable  to  the  disposal  of  all  contaminated  materials. 
The  concept  presented  in  Figure  10.1  and  described  in  Appendix  E  has  been  pro¬ 
posed  as  a  secure  contaminated  dredged  material  disposal  facility  meeting 
these  requirements.  However,  this  design  is  clearly  excessive  for  most 
dredged  material  disposal  site  combinations.  This  type  of  facility  would  be 
appropriate  for  dlsp./sal  of  highly  contaminated  sediments  in  environmentally 
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Figure  10.1.  Proposed  concept  for  a  secure  disposal  facility 
for  contaminated  sediments 

sensitive  areas.  Such  dredged  material-disposal  site  combinations  would  only 
be  chosen  as  a  last  resort. 

Design  versus  Extensive  Testing 


Design  Strategy 

Since  there  are  no  standard  designs  for  contaminated  dredged  material 
disposal  facilities,  it  is  obvious  that  there  are  also  no  guidelines  for  what 
constitutes  an  overdesigned  facility.  Indeed,  the  entire  concept  of  over- 
design  may  be  somewhat  subjective  because  of  the  mlriad  and  often  conflicting 
concerns  of  the  various  resource  management  and  regulatory  agencies  involved 
in  the  decision  making  process.  Thus,  the  concept  of  facility  overdesign  may 
be  subject  to  a  variety  of  Interpretations.  The  bottom  line  is  the  definition 
of  an  acceptable  and  approvable  plan  for  disposal  of  the  contaminated  dredged 
material. 

The  planning  level  design  of  a  contaminated  dredged  material  disposal 
facility  usually  Incorporates  a  variety  of  structural  features  designed  to 
Isolate  the  contaminated  dredged  material  from  the  environment  and  a 
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monitoring  program  to  assess  the  environmental  Impacts  of  the  disposal 
facility.  The  testing  protocols  defined  In  the  Decisionmaking  Framework  (Lee 
et  al.  1985,  Peddlcord  et  al.  1986)  are  designed  to  minimize  the  number  of 
site  restrictions  while  ensuring  that  Implemented  measures  have  a  high  prob¬ 
ability  of  meeting  environmental  goals.  The  concept  of  design  in  lieu  of 
extensive  testing,  on  the  otherhand.  Is  generally  based  on  less  data  and  may 
have  more  environmental  risk.  To  compensate  for  the  possibility  of  Increased 
risk,  such  concepts  usually  Include  more  Intensive  monitoring  programs  and 
contingent  remedial  action  plans  that  are  triggered  by  specific  contaminant 
releases  as  determined  by  the  monitoring  plan.  Thus,  the  design  in  lieu  of 
extensive  testing  proposal  Includes  three  major  elements: 

a.  Design  features  (Including  a  management  plan). 

b.  Monitoring  plan. 

c.  Remedial  action  plan. 

Design  features.  Appendix  D,  design  of  a  typical  conventional  dredged 
material  disposal  facility,  and  Appendix  E,  design  of  an  environmentally 
secure  dredged  material  disposal  facility,  offer  the  two  extremes  available 
for  disposal  of  contaminated  dredged  material  In  the  upland  and  nearshore 
environment.  Design  features  Incorporated  In  the  typical  contaminated  dredged 
material  disposal  facility  would  probably  be  somewhere  between  these  two 
extremes.  The  decision  to  Include  any  particular  design  feature  depends  on 
the  characteristics  of  the  dredged  material  and  disposal  site. 

Monitoring  Plan.  An  Integral  part  of  any  strategy,  as  described  above, 

Is  a  monitoring  program  that  will  determine  the  effectiveness  of  the  control/ 
treatment  strategies  and  the  Impact  of  the  disposal  site  on  the  surrounding 
environment.  Monitoring  Includes  the  physical  Inspection  of  the  disposal  site 
as  well  as  Implementation  of  techniques  for  evaluating  contaminant  releases 
via  any  of  the  migration  pathways  associated  with  a  specific  site.  Require¬ 
ments  for  monitoring  are  discussed  in  Appendix  E. 

Remedial  Action  Plan.  The  remedial  action  plan  is  a  contingency  plan 
that  is  executed  if  disposal  facility  design  results  in  unacceptable  environ¬ 
mental  consequences.  Execution  of  the  remedial  action  plan  Is  triggered  by 
Interpretation  of  data  collected  during  execution  of  the  site  monitoring  pro¬ 
gram.  Remedial  actions  will  be  similar  to  those  for  hazardous  waste  sites 
(USEPA  1985).  Whereas  remedial  actions  associated  with  the  release  of  haz¬ 
ardous  substances  are  planned  after  the  fact,  remedial  actions  developed  for 


execution  at  dredged  material  disposal  sites  are  preplanned  activities. 

USEPA  (1985)  provides  detailed  guidance  on  remedial  action  planning. 

The  remedial  action  plan  consists  of  a  series  of  activities  that  will  be 
Implemented  if  certain  events  occur.  These  activities  may  range  from 
Increased  monitoring  to  the  removal  of  the  dredged  material.  The  contents  of 
the  remedial  action  plan  will  be  extremely  site  specific.  Table  10.1  provides 
a  list  of  general  remedial  action  technologies  applicable  for  site  restoration 
(USEPA  1985).  Most  of  the  technologies  are  presented  in  Parts  II  through  VI 
of  this  report. 

Extensive  Testing  Strategy 

The  Decisionmaking  Framework  (Lee  et  al.  1985,  Peddicord  et  al.  1986) 
Incorporates  the  use  of  extensive  contaminant  mobility  testing  protocols  to 
evaluate  the  potential  Impact  of  the  contaminated  dredged  material  on  the  sur¬ 
rounding  environment.  A  description  of  many  of  these  protocols  is  included  in 
Part  VII  and  Appendix  A  of  this  report.  Unfortunately,  many  of  these  proposed 
protocols  are  still  in  the  verification  stage  and  have  not  been  finalized.  In 
other  cases,  appropriate  protocols  have  not  been  developed  or  selected. 

In  general,  the  contaminant  mobility  protocols  are  costly  and  time  con¬ 
suming.  An  estimate  of  the  cost  and  time  required  to  conduct  each  of  the  con¬ 
taminant  mobility  testing  protocols  Is  presented  in  Table  10.1.  Costs  are 
presented  in  1984  dollars.  General  assumptions  made  to  calculate  costs  were 
that  the  equipment  and  facilities  to  conduct  the  test  are  available.  There¬ 
fore,  equipment  costs  were  not  Included.  In  addition,  each  sediment  sample 
was  considered  to  be  tested  in  four  replicates  to  ensure  some  degree  of  pre¬ 
cision.  Cost  to  conduct  the  test  will  vary  from  one  part  of  the  nation  to 
another.  Chemical  analysis  costs  will  also  vary  across  the  nation.  Cost 
varies  with  the  number  of  samples  and  the  number  of  parameters  determined.  In 
most  cases,  a  fewer  number  of  composited  sediment  samples  can  be  evaluated  to 
give  an  indication  of  potential  contaminant  mobility  from  sediment  to  be 
dredged.  In  addition,  if  the  sediment  is  analyzed  for  fewer  contaminants, 
especially  organic  compounds,  the  cost  of  chemical  analysis  will  be  reduced. 
Table  10.1  clearly  Illustrates  the  significant  costs  associated  with  chemical 
analysis  of  samples.  These  costs  are  generated  from  the  testing  of  only  one 
sediment  sample.  Additional  sediment  samples  will  Increase  costs  propor¬ 
tionally,  rapidly  escalating  the  total  cost  of  contaminant  mobility  testing. 
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The  size  of  the  dredging  project  and  the  homogeneity  of  the  sediment  are 
the  controlling  factors  In  determining  the  cost  benefits  of  the  design  in  lieu 
of  extensive  testing  strategy.  If  the  sediment  in  a  dredging  project  is 
homogeneous,  only  one  suite  of  tests  would  be  required  to  determine  the  poten¬ 
tial  for  contaminant  mobility,  regardless  of  project  size.  Thus,  it  can  be 
assumed  that  the  costs  of  conducting  the  testing  protocols  for  a  100,000  cu  yd 
project  would  be  the  same  as  for  a  1,000,000  cu  yd  project.  It  is  evident 
then  that  the  smaller  the  project,  assuming  homogeneous  materials,  the  greater 
the  cost  factor  for  extensive  testing.  Also  if  a  project  has  several  dif¬ 
ferent  types  of  dredged  material  with  different  types  and  degrees  of  contam¬ 
ination  then  the  extensive  testing  protocols  would  have  to  be  conducted  on 
each  type  of  sediment.  Thus,  if  the  dredged  materials  cannot  be  assumed  to  be 
homogeneous,  more  tests  will  be  required  and  the  greater  the  cost  factor  for 
testing. 

In  addition  to  the  costs  of  recommended  contaminant  mobility  protocols, 
it  must  be  recognized  that  many  of  the  suggested  procedures  are  still  in  the 
developmental  stages.  Furthermore,  the  extensive  testing  protocols  are  time 
consuming  and  may  delay  project  completion. 

Selection  Strategy 

Figure  10.2  presents  a  general  flow  chart  of  the  steps  involved  in  the 
implementation  of  the  conservative  design  strategy.  The  implementation  pro¬ 
cess  is  similar  to  that  presented  in  Part  IX  with  the  following  exceptions: 

a.  The  migration  pathway  analysis  is  based  on  bulk  chemistry  results 
rather  than  detailed  contaminant  mobility  testing. 

b.  Closer  coordination  with  regulatory  agencies  is  required,  with  the 
regulatory  agencies  actively  participating  in  the  alternative  development  and 
evaluation  process. 

c.  The  alternative  package  Includes  a  detailed  remedial  action  plan. 

d.  Monitoring  will  be  more  Intensive. 

The  decision  to  actually  implement  the  design  in  lieu  of  extensive  test¬ 
ing  alternative  should  be  based  on  the  twin  concerns  of  costs  and  environmen¬ 


tal  risks  as  measured  by  regulatory  acceptance.  Costs  are  generally 
quantifiable  whereas  regulatory  acceptance  will  vary  from  project  to  project 
and  may  be  based  on  a  variety  of  intangible  factors.  Therefore,  the  strategy 
presented  in  Figure  10.2  emphasizes  the  use  of  costs  as  an  initial  screening 
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tool  to  evaluate  the  feasibility  of  implementing  the  design  in  lieu  of  exten- 
#  slve  testing  option. 

The  four-phase  strategy  presented  in  Figure  10.2  includes:  presumption 
of  contamination,  initial  design  versus  extensive  testing  decision,  confirma¬ 
tion  of  a  contaminant  pathway,  and  alternative  development  and  selection. 

Each  of  these  phases  is  discussed  below. 

Phase  I  Presumption  of  Contamination 

Phase  I  of  the  selection  strategy,  presumption  of  contamination,  is  simi¬ 
lar  to  Phase  I  of  the  DMASS  presented  in  Part  IX.  However,  the  presumption  of 
contamination  is  based  on  the  results  of  bulk  chemistry  rather  than  the  con¬ 
taminant  mobility  testing  described  in  the  DMF  (Lee  et  al.  1985).  It  is 
assumed  that  the  concentrations  of  contaminants  represented  by  the  results  of 
bulk  chemistry  testing  will  represent  the  worst  case,  i.e.  if  all  contamina¬ 
tion  as  measured  by  the  bulk  chemistry  were  released  via  the  various  migration 
pathways.  Thus,  bulk  chemistry  values  would  be  used  in  lieu  of  results  of 
mobility  testing  protocols  to  determine  potential  release  of  contaminants. 

This  concept  could  be  modified  slightly  if  it  were  decided  to  perform  some  of 
the  less  expensive  test  protocols,  e.g.,  modified  elutriate. 

Phase  II  Initial  Design  Versus  Extensive  Testing  Decision 

Since  the  costs  for  conducting  the  contaminant  mobility  test  protocols 
can  be  extremely  high,  it  may  be  cost  effective  to  implement  or  overdesign  the 
control  option  to  ensure  isolation  of  the  contaminated  dredged  material 
Instead  of  performing  the  testing  protocols;  i.e.,  construction  of  a  liner 
system  may  be  less  costly  than  conducting  the  leachate  testing  protocol  or 
capping  a  site  with  clean  material  to  prevent  contamination  of  plants  and 
animals  and  associated  food-webs  may  be  more  cost  effective  than  conducting 
the  plant  and  animal  uptake  test  protocols. 

The  initial  decision  to  proceed  with  the  design  versus  extensive  contami¬ 
nant  mobility  testing  will  be  made  based  on  the  relative  costs  of  each. 

The  costs  for  conducting  one  complete  round  of  contaminant  mobility  test¬ 
ing  protocols  on  one  homogeneous  sediment  can  be  greater  than  $600,000.  Fur¬ 
thermore,  several  of  the  proposed  testing  protocols  are  still  under  development 
and  the  exact  costs  are  impossible  to  predict.  In  addition,  depending  on  the 
specific  site  conditions  and  the  control/treatment  strategy  used,  all  of  the 
^  testing  protocols  might  not  be  required. 

SiJ 
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The  costs  for  the  entire  design  In  lieu  of  testing  option  must  Include 
the  cost  for  construction  of  the  control/treatment  alternative,  the  costs  for 
extensive  monitoring,  and  the  potential  remedial  action  should  the  control/ 
treatment  alternative  fall.  The  project  planner  must  make  an  initial  guess  as 
to  the  control/treatment  alternatives  that  would  be  approved  by  regulatory 
agencies  without  conducting  contaminant  mobility  testing  protocols.  Prelimi¬ 
nary  discussions  with  regulatory  agencies  may  be  desirable  during  this  phase. 

Once  the  costs  for  the  extensive  testing  and  the  design  without  extensive 
testing  options  have  been  determined,  a  simple  cost  comparison  can  be  used  to 
determine  the  appropriate  course  of  action.  Unfortunately,  due  to  the  site- 
specific  nature  of  the  costs  to  implement  a  control/treatment  strategy,  the 
factors  involved  in  ground-water  monitoring  that  can  cause  costs  to  vary  by 
orders  of  magnitude,  and  the  possibility  of  a  future  remedial  action,  it  is 
difficult  r-  accurately  estimate  screening  level  costs  during  Phase  II. 

Howeve  using  material  and  construction  cost  data  presented  earlier  in 
this  repor . ,  Fig.  10.3  and  10.4  were  developed  to  provide  a  comparison  of  the 
costs  of  engineering  features  to  limit  contaminant  migration  and  the  cost  of 
contaminant  mobility  testing.  Figure  10.3  presents  information  for  small 
projects  (less  than  100,000  cu  yd)  while  Figure  10.4  shows  information 
for  large  projects  (greater  than  or  equal  to  100,000  cu  yd).  Clearly,  for 
large  projects  it  will  almost  always  be  cost  effective  to  conduct  extensive 
testing  in  an  effort  to  eliminate  control  measures.  For  smaller  projects, 
however,  the  design  In  lieu  of  testing  option  may  be  cost  effective.  It 
should  be  stressed  that  Fig.  10.3  and  10.4  are  presented  for  illustrative 
purposes  only  and  do  not  reflect  actual  costs  for  any  project. 

The  result  of  Phase  II  is  a  decision  to  proceed  with  the  design  in  lieu 
of  extensive  testing  or  implementation  of  the  DMF  (Lee  et  al.  1985). 

Phase  III  Confirmation  of  Contaminant  Pathway 

Phase  III  corresponds  to  phase  II  of  the  DMASS  presented  in  Part  IX  of 
this  report.  However,  the  migration  pathway  is  based  on  the  bulk  chemistry 
data  rather  than  contaminant  mobility  testing.  Phase  III  results  in  a  list  of 
restricted  pathways  and  associated  contaminants  of  concern. 

Phase  IV  Alternative  Development  and  Selection 

Phase  IV  includes  elements  of  phases  III,  IV  and  V  from  the  DMASS 
(Part  IX  of  this  report)  as  well  as  the  provision  for  extensive  discussions 


'J 


i 


Figure  10. A.  Comparison  of  the  costs  of  restrictions  versus  the 
extensive  testing  for  large  projects  (^100, 000  cu  yd) 


and  negotiations  with  regulatory  and  resource  management  agencies  to  select 
the  desired  control/treatment-monitoring-remedial  action  alternative. 

The  implementation  of  the  design  without  extensive  testing  option  will 
probably  be  a  complicated  process  because  of  the  reluctance  of  regulatory 
agencies  to  accept  disposal  facilities  incorporating  fewer  design  features 
than  the  RCRA  alternative  (Appendix  E) .  Typically,  regulatory  resistance  to 
design  in  lieu  of  extensive  testing  is  met  by  agreements  to  extensively 
monitor  migration  pathways  during  active  dredglng/transport/dlsposal  activi¬ 
ties,  extensive  long-term  monitoring  of  the  disposal  sites,  and  the  promise  to 
execute  remedial  action  measures  if  necessary.  This  approach  trades  high 
initial  capital  costs  associated  with  control/treatment  for  increased  future 
operating  costs  and  the  potential  for  future  capital  costs  to  execute  the 
remedial  action  plan. 

The  exact  nature  and  details  of  the  control/treatment-monltoring-remedlal 
action  alternative  are  usually  determined  through  intense  negotiations.  These 
negotiations  serve  to  narrow  the  number  of  alternatives  that  must  be  evaluated 
and  define  the  level  of  detail  of  the  required  evaluations;  however,  it  is 
still  necessary  to  perform  the  detailed  alternative  evaluation  (Phase  IV)  of 
the  DMASS.  The  only  difference  is  that  bulk  chemistry  information  is  substi¬ 
tuted  for  the  results  of  contaminant  mobility  testing. 

The  results  of  the  detailed  analysis  are  used  as  input  to  regulatory 
agencies  for  use  in  their  decisionmaking  process.  The  detailed  evaluation 
also  aids  the  planner  in  evaluating  the  risks  associated  with  the  design  in 
lieu  of  extensive  testing  option  and  the  probability  that  the  remedial  action 
plan  will  have  to  be  executed. 

Obviously,  the  appropriate  control/treatment-monitorlng-remedial  action 
package  will  be  highly  site  specific,  and  development  of  a  generic  package  is 
not  feasible.  Furthermore,  any  final  alternative  may  result  as  much  from  non¬ 
technical  as  from  technical  considerations.  The  selection  process  may  be 
highly  qualitative. 

The  final  product  of  Phase  IV  is  an  approvable  control/treatment- 
monltoring-remedial  action  package  sufficiently  detailed  for  initiation  of 
concept  design. 


The  design  In  lieu  of  extensive  testing  strategy  employs  control/ 
treatment  alternatives  that  are  expected  to  sufficiently  Isolate  contaminated 
dredged  material  from  the  surrounding  environment.  These  control/treatment 
alternatives  can  take  a  variety  of  forms  including  liners,  surface  caps,  etc. 
Design  is  based  on  bulk  chemistry  data.  Economically,  it  is  desirable  to 
limit  the  number  of  restrictive  design  features.  In  order  to  provide  suffi¬ 
cient  reliability,  the  design  in  lieu  of  testing  strategy  incorporates  exten¬ 
sive  monitoring  and  contingent  remedial  action  plans.  The  decision  to  use  the 
design  in  lieu  of  testing  strategy  will  be  dependent  on  the  cost  and  time  for 
implementation  requirements  associated  with  the  design  in  lieu  of  extensive 
testing  strategy  versus  those  associated  with  implementing  the  DMF  and  DMASS. 


PART  XI:  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


Dredging  and  dredged  material  disposal  have  been  extensively  evaluated 
and  researched  In  recent  years,  and  the  literature  is  abundant  with  reports  of 
laboratory  and  field  studies,  literature  reviews,  and  concepts  for  handling 
dredging  and  disposal  operations.  Most  of  this  literature  deals  with 
relatively  clean  sediment.  Disposal  of  contaminated  sediment  has  received 
less  attention,  but  recently  has  come  to  the  forefront  of  consideration  and 
study  because  of  problems  and  questions  that  have  surfaced  in  protecting  the 
environment  from  the  effects  of  contaminated  dredged  material  disposal  and  in 
selecting,  engineering,  and  operating  disposal  sites  for  contaminated  dredged 
material.  Other  concerns  have  arisen  from  controlling  contaminants  that  may 
be  released  at  the  dredging  site  or  that  may  be  released  during  transport  from 
the  dredging  site  to  the  disposal  area. 

Management,  control,  and  treatment  technologies  have  been  oriented  to  the 
control  of  suspended  sediment.  While  control  of  suspended  sediment  must  be  an 
integral  part  of  any  strategy  for  control  of  contaminants,  control/treatment 
of  contaminated  dredged  material  generally  must  go  beyond  control  of  suspended 
sediment . 

Long-term  release  of  contaminants  via  various  pathways  from  disposal/ 
sites  cannot  be  Ignored.  Techniques  for  predicting  these  releases  are  under 
development  and  more  information  is  needed  to  assess  environmental  effects  and 
the  need  for  controls  and  to  provide  design  data  for  treatment  processes. 

Control  technologies  are  available  and  have  been  proposed  for  containment 
and/or  treatment  of  sediment  and  site  waters  expected  at  a  dredged  material 
disposal  site.  Beyond  removal  of  suspended  sediment  from  disposal  area  over¬ 
flow,  few  technologies  have  been  demonstrated  for  contaminated  dredged 
material.  Strategies  for  implementation  of  controls  for  a  dredging  scenario 
have  not  been  adequately  developed. 

Design  procedures  for  site  water  treatment  technologies  at  upland  and 
nearshore  disposal  sites  are  available  and  proven.  Bench-scale  tests  for 
determining  design  parameters  for  treatment  of  site  waters  and  leachate  are 
essentially  the  same  as  those  in  the  water  treatment  and  wastewater  treatment 
industry  and  can  be  applied  to  treatment  processes  at  disposal  areas. 


Nearshore  sites  that  Involve  saline  waters  present  unusual,  but  not  Insur¬ 
mountable,  design  problems.  Control  measures  for  lining  sites  and  covering 
sites  are  not  easily  adaptable  to  the  conditions  at  a  confined  disposal  facil¬ 
ity.  Placement  of  liners,  particularly  at  nearshore  sites,  has  not  been  suf¬ 
ficiently  demonstrated.  Dewatering  a  confined  disposal  facility  containing 
contaminated  dredged  material  will  require  special  equipment,  possibly  treat¬ 
ment  of  site  water,  and  a  management  plan  for  controlling  contaminant  releases 
during  the  short  term.  Dewatering  a  nearshore  site  for  placement  of  a  cover 
will  require  development  of  management  schemes  and  techniques  that  have  been 
field  demonstrated  for  only  a  few  cases. 

Design  procedures  for  control  measures  at  open  water  disposal  sites  are 
not  well  developed.  In  particular,  designs  for  submerged  diffusers  and  down- 
pipes  in  deep  open-water  sites  have  not  been  thoroughly  developed  and  their 
implementation  has  not  been  documented. 

Selection  of  control  and  treatment  technologies  depends  on  a  number  of 
factors,  including:  the  pathways  affected  (type  of  material,  degree  of  con¬ 
tamination,  characteristics  of  disposal  site);  the  Impact  of  the  technology 
(level  of  treatment,  degree  of  control,  reliability  etc);  the  evaluation  of 
criteria  (cost,  reliability,  risk,  etc),  and  the  emphasis  of  decisionmakers. 
Guidelines  and  procedures  for  evaluating  and  selecting  control  or  treatment 
alternatives  have  been  presented.  The  DMASS  Is  based  on  the  concept  of 
eliminating  poor  options  via  a  series  of  screening  processes.  The  screening 
approach  is  intended  to  eliminate  poor  dredge/transport/control  options  from 
further  consideration  without  excluding  any  viable  alternatives.  The  process 
allows  considerable  flexibility  in  that  decisionmakers  (and/or  local/  regional 
officials)  can  select  the  desired  criteria  for  use  at  different  stages  in  the 
process;  they  can  choose  acceptable  levels  for  criteria  values,  and  they  can 
select  different  paths  through  the  DMASS  flowchart  based  on  project-specific 
characteristics . 

The  DMASS  does  not  make  decisions,  but  it  provides  a  logical  framework 
for  eliminating  poor  alternatives  and  comparing  those  good  alternatives  that 
remain  for  detailed  evaluation.  Because  of  site  specificity  and  the  relative 
merits  of  different  control  techniques,  no  single  alternative  is  likely  to 
dominate  all  others  and  emerge  as  the  best  alternative.  Decisionmakers  must 
look  at  the  relative  merits  and  trade-offs  of  the  alternatives,  along  with 
nonquantif lable  aspects,  in  order  to  make  a  decision. 


Economics  of  control  alternatives  arc  Inadequately  documented  and  highly 
variable.  The  cost  of  testing  protocols  for  determining  environmental  effects 
and  for  selecting  design  parameters  can  represent  a  significant  expenditure. 
For  disposal  of  small  quantities  of  contaminated  sediment,  it  may  be  less 
expensive  to  forego  most  of  the  tests  and  provide  state-of-the-art  controls  to 
protect  potentially  affected  pathways. 

Selection  of  control/treatment  alternatives  for  very  highly  contaminated 
dredged  material  can  rely  on  technologies  developed  and  being  implemented  for 
Superfund  projects  with  the  assurance  of  major  costs.  Technologies  for  dis¬ 
posal  of  relatively  clean  dredged  material  may  be  selected  from  a  number  of 
proven  and  demonstrated  methods.  The  most  difficult  decisionmaking  process  is 
the  one  addressed  by  this  study:  selection  of  technologies  for  contaminated 
sediment  that  requires  more  control  than  clean  dredged  material,  but  does  not 
warrant  state-of-the-art  controls  for  a  hazardous  material.  Until  more  expe¬ 
rience  and  data  are  available  for  application  of  some  of  these  control  and 
treatment  alternatives,  the  decisionmaking  process  must  remain  somewhat 
flexible. 

Although  the  decisionmaking  process  must  be  flexible  until  a  satisfactory 
technology  data  base  Is  available,  uncertainty  in  the  process  must  be  mini¬ 
mized.  The  process  must  have  some  measure  of  consistency  and  predictability. 
This  can  be  accomplished  by  codifying  to  the  extent  possible,  the  regional 
administrative  decisions  (RAD’s)  identified  in  Part  IX.  Many  of  these  RAD's 
are  qualitative  and  procedural  which  result  in  difficult  and  hard  to  defend 
decisions  on  the  part  of  regulatory  and  resource  management  agencies.  How¬ 
ever,  only  through  codification  of  requirements  and  criteria  can  projects  be 
expected  to  progress  in  a  timely  and  orderly  fashion. 


Recommendations 


Technology  Development 

One  of  the  principal  recommendations  resulting  from  this  study  is  that 
promising  technologies  for  control  or  treatment  of  contaminated  sediment  be 
demonstrated  on  a  pilot  scale  or,  for  selected  technologies,  on  a  prototype 
basis  in  the  Puget  Sound  area.  These  demonstrations  should  be  planned,  moni¬ 


tored,  and  evaluated  with  emphasis  on  defining  the  reliability,  technical 
effectiveness,  economics  of  the  technology,  and  other  appropriate  criteria. 


Candidate  technologies  or  alternatives  for  demonstration  Include  the 
following: 

(1)  Open-water  disposal 

(a)  The  technical  feasibility  of  using  downplpes  and  submerged 
diffusers  In  deep  water  should  be  Investigated. 

(b)  Concepts  for  treating  contaminated  dredged  material  fol¬ 
lowed  by  unconflned  open  water  disposal  should  be  developed  and  evaluated. 

(c)  Techniques  for  accurate  placement  of  confinement  dikes  and 
caps  In  deep  water  should  be  evaluated. 

(2)  Upland  disposal 

(a)  Combinations  of  technologies  designed,  operated,  and  man¬ 
aged  to  contain,  minimize,  or  collect  site  waters  generated  as  surface  runoff, 
leachate,  or  interstitial  drainage  should  be  evaluated.  Technologies  as  part 
of  this  system  include  covers,  surface  water  controls,  liners,  and  leachate 
collection.  An  Integral  part  of  the  control  system  would  be  management  of  the 
facility  while  dredged  material  Is  being  placed  In  the  site. 

(b)  Treatment  of  site  waters  by  higher  treatment  levels,  par¬ 
ticularly  for  organics  removal  should  be  evaluated. 

(c)  Stabilization/solidification  of  a  small  volume  of  highly 
contaminated  dredged  material  and  strategies  for  placement  of  the  material 
within  a  site  with  long-term  monitoring  for  evaluation. 

(d)  Separation  of  the  coarse-grained  fraction  of  hydraulically 
transported  material  by  hydrocyclones  or  other  technology  followed  by  treat¬ 
ment  of  the  remaining  more  contaminated  fine-grained  fraction. 

(e)  Isolation  of  highly  contaminated  sediment  within  a  disposal 
area  by  surrounding  it  with  cleaner  dredged  material. 

(3)  Nearshore  disposal 

(a)  Lining  a  nearshore  site  with  a  synthetic  liner  or  a  soil 
liner  to  contain  and/or  collect  leachate. 

(b)  Management  of  a  nearshore  site  to  maintain  highly  contami¬ 
nated  material  in  an  anaerobic  reduced  state  with  a  program  to  monitor  test 
results  over  the  long  term. 

(c)  Treatment  systems  for  contaminated  saline  waters 


(4)  Transport 

(a)  Development  of  containment  plans  and  specification  of 
equipment  for  capturing/containing  release  of  contaminants  from  ruptured  pipe¬ 
lines  or  pumping  stations  in  the  Puget  Sound  area. 

(b)  Development  of  strategies/plans  or  standard  operating  pro¬ 
cedures  for  barge  and  truck  transport  of  contaminated  dredged  material  In  the 
Puget  Sound  area. 

(5)  Dredging  operations.  Controls  for  dredging  operations  have  been 
technically  demonstrated  in  other  areas.  If  a  particular  project  requires 
control  at  this  level  for  environmental  or  public  acceptance  reasons,  then  a 
prototype  application  of  these  technologies  may  be  justified. 

Analytical  Techniques 

The  DMASS  was  developed  specifically  for  the  Puget  Sound  area.  The  DMASS 
concept  may  be  adapted  to  other  areas  where  it  would  be  beneficial  in  select¬ 
ing  control  and  treatment  alternatives  for  contaminated  dredged  material.  In 
order  to  fully  implement  DMASS,  additional  analytical  techniques  must  be 
developed  and/or  adapted  to  the  decisionmaking  process. 

(1)  Contaminant  migration.  Prediction  of  contaminant  migration  from 
disposal  sites  requires  further  research  to  provide  the  data  necessary  to 
plan,  design,  and  evaluate  control/treatment  alternatives.  Of  particular  con¬ 
cern  are  protocols  for  assessing  the  groundwater  and  air  migration  pathways. 
Development  of  leaching  protocols  for  assessing  the  potential  for  contaminant 
migration  from  upland  and  near  shore  disposal  sites  is  a  priority. 

(2)  Computerized  procedures.  Computer  assisted  procedures  for 
analyzing  site  specific  contaminant  migration  potential  and  related  environ¬ 
mental  impacts  should  be  developed.  Development  of  programs  to  analyze  the 
contaminant  migration  Impacts  on  ground  water  and  surface  water  at  upland  and 
near  shore  sites  is  a  priority  in  this  area.  These  programs  should  be  coupled 
with  the  contaminant  migration  protocols  of  the  DMF  (Lee  et  al.  1985, 

Peddicord  et  al.  1986). 

(3)  Cost  estimating.  The  cost  of  dredging  and  disposal  of  contami¬ 
nated  sediment  is  a  major  uncertainty  in  the  decisionmaking  process.  Develop¬ 
ment  of  a  unit  cost  based  methodology  for  estimating  the  cost  of  projects 
involving  contaminated  dredged  material  would  simplify  the  decisionmaking 
process . 


11.5 


Ja*  Jit J 


I  >^>  *-4  *->  i-a  i^i  a^<  '»J*»  • 


(A)  Evaluation  factor  assessment.  The  choice  and  use  of  evaluation 
factors  have  a  significant  effect  on  the  outcome  of  the  decisionmaking  pro¬ 
cess.  This  aspect  of  the  decisionmaking  process  is  usually  left  to  local, 
regional,  and/or  state  officials  who  are  responsible  for  the  final  decision. 
Many  of  the  factors  are  evaluated  in  qualitative  terms.  Additional  research 
is  needed  to  develop  techniques  for  identifying  and  quantifying  important  cri¬ 
teria  on  a  project  specific  basis  by  which  these  factors  can  be  evaluated. 

(5)  Systems  analysis.  System  analysis  techniques  and  the  use  of 
small  computers  might  be  of  great  help  in  the  decisionmaking  process  itself. 
Computer  programs  are  used  routinely  to  provide  Information  on  different 
aspects  of  a  problem  (e.g.  groundwater  flow  regimes  or  dispersion  during  open- 
water  disposal).  However,  computerized  routines  can  also  assist  greatly  in 
the  process  of  making  decisions.  Systems  analysis  techniques,  including 
knowledge-based  (expert)  systems,  could  be  used  to  help  formulate  alternatives 
and  screen  out  poor  choices  simultaneously.  In  addition,  programs  currently 
exist  to  assist  in  weighting  the  Importance  of  different  criteria.  Such 
approaches  could  be  Integrated  into  the  overall  framework. 

Disposal  Site  Management 

The  coordinate  use  of  one  disposal  site  for  several  dredging  projects  has 
a  number  of  advantages.  Unlike  certain  hazardous  wastes,  different  types  of 
contaminated  dredged  material  are  generally  compatible.  Therefore,  there  is 
very  little  risk  in  disposal  of  sediments  from  different  dredging  projects  in 
one  site.  Such  an  approach  would  have  several  benefits.  The  regulatory/ 
public  acceptance  process  would  be  eased  when  compared  with  that  for  several 
small  sites.  In  addition,  considerable  cost  savings  would  result  because  of 
economics  of  scale. 

(1)  Near  term  disposal  operations.  Sites  selected  to  receive 
dredged  materials  from  several  projects  should  be  evaluated  to  develop  appro¬ 
priate  management  techniques  during  active  disposal  operations.  All  aspects 
of  active  disposal  operations  should  be  investigated  including  environmental 
impact,  cost,  and  socio-political  considerations. 

(2)  Long  term  disposal  operations.  The  long  term  Impact  of  contam¬ 
inated  dredged  material  requires  additional  research. 

(3)  Beneficial  use.  Techniques  for  the  beneficial  use  of  contami¬ 
nated  dredged  material  should  be  Investigated. 
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APPENDIX  A:  DREDGED  MATERIAL  LABORATORY  PROCEDURES 


PART  I:  MODIFIED  ELUTRIATE  TEST* 


The  modified  elutriate  test  should  be  conducted  and  appropriate  chemical 
analyses  should  be  performed  as  soon  as  possible  after  sample  collection.  The 
volume  of  elutriate  sample  needed  for  chemical  analyses  will  depend  on  the 
number  and  types  of  analyses  to  be  conducted  (Plumb  1981**).  Both  dissolved 
and  total  concentrations  of  contaminants  must  be  determined.  The  volume 
required  for  each  analysis,  the  number  of  parameters  measured,  and  the  desired 
analytical  replication  will  Influence  the  total  elutriate  sample  volume 
required.  A  A-l  cylinder  is  normally  used  for  the  test,  and  the  supernatant 
volume  available  for  sample  extraction  will  vary  from  approximately  500  to 
1,000  ml,  depending  on  the  sediment  properties,  settling  times,  and  Initial 
concentration  of  the  slurry.  It  may  be  necessary  to  composite  several 
extracted  samples  or  use  large-diameter  cylinders  to  obtain  the  total  required 
volume . 

Apparatus 

The  following  items  are  required: 

a.  Laboratory  mixer,  preferably  with  Teflon  shaft  and  blades. 

b.  Several  4-1  graduated  cylinders.  Larger  cylinders  may  be  used  if 
large  sample  volumes  are  required.  Nalgene  cylinders  are  acceptable 
for  testing  Involving  analysis  of  metals  and  nutrients.  Glass 
cylinders  are  required  for  testing  Involving  analysis  of  organics. 

£.  Assorted  glassware  for  sample  extraction  and  handling. 

d.  Compressed  air  source  with  deionized  water  trap  and  tubing  for  bubble 
aeration  of  slurry. 

e.  Vacuum  or  pressure  filtration  equipment,  including  vacuum  pump  or 
compressed  air  source  and  appropriate  filter  holder  capable  of  accom¬ 
modating  47-,  105-,  or  155-mm-dlam  filters. 

Presoaked  filters  with  0.45-um  pore-size  diameter. 

£.  Plastic  sample  bottles,  500-ml  capacity  for  storage  of  water  and 
liquid-phase  samples  for  metal  and  nutrient  analyses. 


h.  Wide-mouth  1-gal-capaclty  glass  jars  with  Teflon-lined  screw-type 
lids  for  sample  mixing.  These  jars  should  also  be  used  as  sample 
containers  when  samples  are  to  be  analyzed  for  pesticide  materials. 

Prior  to  use,  all  glassware,  filtration  equipment,  and  filters  should  be 
thoroughly  cleaned.  Wash  all  glassware  with  detergent;  rinse  five  times  with 
tap  water;  place  in  a  clean  10-percent  (or  stronger)  HCl  acid  bath  for  a  mini¬ 
mum  of  A  hr;  rinse  five  times  with  tap  water;  and  then  rinse  five  times  with 
distilled  or  deionized  water.  Soak  filters  for  a  minimum  of  2  hr  in  a  5-M  HCl 
bath  and  then  rinse  10  times  with  distilled  water.  It  is  also  a  good  practice 
to  discard  the  first  50  ml  of  water  or  liquid  phase  filtered.  Wash  all  glass¬ 
ware  to  be  used  in  preparation  and  analysis  of  pesticide  residues  using  the 
eight-step  procedure  given  USEPA  (1980a). 

Test  procedure 

The  step-by-step  procedure  for  conducting  a  modified  elutriate  test,  as 
shown  in  Figure  A.l,  is  given  in  the  following  paragraphs. 

Step  1  -  Slurry  preparation.  The  sediment  and  dredging  site  water  should 
be  mixed  to  approximately  equal  the  expected  average  field  inflow  concentra¬ 
tion.  If  estimates  of  the  average  field  inflow  concentration  cannot  be  made 
based  on  past  data,  a  slurry  concentration  of  150  g/ £  (dry-weight  basis) 
should  be  used.  Predetermine  the  concentration  of  the  well-mixed  sediment  in 
grams  per  liter  (dry-weight  basis)  by  oven  drying  a  small  subsample  of  known 
volume.  Each  A- 11  cylinder  to  be  filled  will  require  a  mixed  slurry  volume  of 
3-3/A  i.  The  volumes  of  sediment  and  dredging  site  water  to  be  mixed  for  a 
3-3/A-£  slurry  volume  can  be  calculated  using  the  following  expressions: 
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predetermined  concentration  of  sediment,  grams  per  liter 
(dry-weight  basis) 


Figure  A.l.  Modified  elutriate  test  procedure 

V  “  volume  of  dredging  site  water,  liters 

water 

Step  2  -  Mixing.  Mix  the  3-3/A  I  of  slurry  by  placing  appropriate 
volumes  of  sediment  and  dredging  site  water  in  1— gal  glass  jars  and  mixing  for 
5  min  with  a  laboratory  mixer.  The  slurry  should  be  mixed  to  a  uniform  con¬ 
sistency  with  no  unmlxed  agglomerations  of  sediment. 

Step  3  -  Aeration.  Bubble  aeration  is  used  to  ensure  oxidizing  condi¬ 
tions  in  the  supernatant  water  during  the  subsequent  settling  phase.  Pour  the 
mixed  slurry  into  a  A-Jl  graduated  cylinder.  Attach  glass  tubing  to  the  aera¬ 
tion  source  and  Insert  tubing  to  the  bottom  of  the  cylinder.  The  tubing  can 
be  held  in  place  by  insertion  through  a  predrilled  No.  A  stopper  placed  in  the 
top  of  the  cylinder.  Compressed  air  should  be  passed  through  a  deionized 
water  trap,  through  the  tubing,  and  bubbled  through  the  slurry.  The  flow  rate 

A.A 


I 


should  be  adjusted  to  agitate  the  mixture  vigorously,  and  bubbling  should  be 
continued  for  1  hr. 


Step  4  -  Settling.  Remove  the  tubing  and  allow  the  aerated  slurry  to 
undergo  quiescent  settling  for  a  time  period  equal  to  the  anticipated  field 
mean  retention  time  up  to  a  maximum  of  24  hr.  If  the  field  mean  retention 
time  Is  not  known,  allow  settling  for  24  hr.  Guidance  for  estimating  the 
field  mean  retention  Is  given  in  Technical  Note  EEDP-04-3  (Palermo  1985) . 

Step  5  -  Sample  extraction.  After  the  settling  period,  an  Interface  will 
usually  be  evident  between  the  supernatant  water  with  low  concentration  of 
suspended  solids  and  the  more  concentrated  settled  material.  Samples  of  the 
supernatant  water  should  be  extracted  from  the  cylinder  at  a  point  midway 
between  the  water  surface  and  the  Interface  using  syringe  and  tubing.  Care 
should  be  taken  not  to  resuspend  settled  material. 

Step  6  -  Sample  preservation  and  analysis.  The  sample  should  be  analyzed 
as  soon  as  possible  after  extraction  to  determine  the  total  suspended  solids 
and  the  dissolved  and  total  concentrations  of  selected  constituents.  The 
fraction  of  a  constituent  In  the  total  suspended  solids  can  then  be  calcu¬ 
lated.  Filtration  using  0.45-Mm  filters  should  be  used  to  obtain  subsamples 
for  analysis  of  dissolved  concentrations.  Samples  to  be  analyzed  for  dis¬ 
solved  pesticides  or  PCB  must  be  free  of  particles  but  should  not  be  filtered, 
due  to  the  tendency  for  these  materials  to  adsorb  on  the  filter.  However, 
particulate  matter  can  be  removed  before  analysis  by  high-speed  centrifugation 
at  10,000  times  gravity  using  Teflon,  glass,  or  aluminum  centrifuge  tubes 
(Fulk  et  al.  1975).  The  total  suspended  solids  concentration  can  also  be 
determined  by  filtration  (0.45  ym) .  The  fraction  of  a  constituent  in  the 
total  suspended  solids  is  calculated  as  follows: 
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dissolved  concentration  of  constituent,  milligrams  per  liter  of 
sample 


SS  =  total  suspended  solids  concentration,  milligrams  per  liter  of 
sample 

Subsamples  for  analyses  of  total  concentrations  should  undergo  appro¬ 
priate  digestion  prior  to  analysis.  All  digestion  and  chemical  analyses 
should  be  performed  using  accepted  procedures  (American  Public  Health  Associa¬ 
tion  1985;  USEPA  1980a;  and  USEPA  1979). 

Samples  to  be  analyzed  for  pesticides  or  PCB  should  Immediately  undergo 
solvent  extraction.  The  extract  may  then  be  held  in  clean  uncontaminating 
containers  for  periods  up  to  three  or  four  weeks  at  -15  to  -20“  C  before  fur¬ 
ther  analyses  are  performed. 

Samples  for  metals  analysis  should  be  preserved  immediately  by  lowering 
the  pH  to  <2  with  3  to  5  ml  nitric  acid  per  liter  (USEPA  1979).  High  purity 
acid,  either  purchased  commercially  or  prepared  in  a  subboiling  unit,  must  be 
used. 

Nutrient  analyses  should  be  conducted  as  soon  as  possible.  Acidification 
with  H^SO^  to  pH  <2  and  storage  at  4“  C  will  allow  the  sample  to  be  held  for 
maximum  of  24  hr  for  ammonia  nitrogen,  Kjeldahl  nitrogen,  and  nitrate  nitrogen 
analyses  (USEPA  1979).  Storage  at  4“  C  will  allow  holding  of  samples  to  be 
analyzed  for  dissolved  orthophosphate  and  total  dissolved  phosphorus  for  up  to 
24  hr.  Subsamples  to  be  analyzed  for  cyanide  should  be  preserved  with  2  ml  of 
10  N  sodium  hydroxide  per  liter  of  sample  (pH  >12)  (USEPA  1979). 


PART  II:  STANDARD  ELUTRIATE  TEST* 


The  elutriate  test  is  a  simplified  simulation  of  the  dredging  and 
disposal  process  wherein  predetermined  amounts  of  dredging  site  water  and 
sediment  are  mixed  together  to  approximate  a  dredged  material  slurry.  The 
elutriate  in  the  supernatant  resulting  from  the  vigorous  30-mln  shaking  of  one 
part  sediment  from  the  dredging  site  with  four  parts  water  (vol/vol)  collected 
from  the  dredging  site  followed  by  a  1-hr  settling  time  and  appropriate  cen¬ 
trifugation  and  0.45  p  filtration.  Thus,  it  will  be  necessary  to  collect  both 
water  and  sediment  samples  to  perform  the  elutriate  test.  When  evaluating  a 
dredging  operation,  the  sediment  should  be  collected  at  the  dredging  site  and 
the  water  should  be  collected  at  the  dredging  and  the  disposal  site.  To  eval¬ 
uate  a  fill  material  activity,  samples  should  be  collected  from  the  source  of 
the  fill  material  and  the  water  should  be  collected  from  the  disposal  site. 

Water  sample  collection.  Collection  should  be  made  with  an  appropriate 
noncontaminating  water  sampling  device.  Either  discrete  samplers  such  as 
Kemmerer  or  Van  Dorn  samplers  or  continuous  collectors  such  as  submersible 
pumps  may  be  used.  The  volume  of  water  required  will  depend  on  the  number  of 
analyses  to  be  performed.  For  each  sample  to  be  subjected  to  elutriate  test¬ 
ing,  it  is  suggested  that  a  minimum  of  4  i  be  collected  at  the  disposal  site 
and  8  Jl  be  collected  at  the  dredging  site  to  evaluate  a  dredging  operation 
and/or  12  !,  be  collected  at  the  disposal  site  to  evaluate  a  fill  material  dis¬ 
posal  operation.  This  will  provide  4  of  water  for  analyses  and  sufficient 
water  to  prepare  triplicate  S-i  elutriates.  (Each  elutriate  should  yield  2.0 
to  2.2  I  of  standard  elutriate  for  analysis.)  If  the  samples  are  to  be  ana¬ 
lyzed  for  trace  organics  or  a  large  number  of  constituents,  a  proportionately 
larger  initial  sample  should  be  collected. 

Samples  must  be  stored  in  glass  containers  if  trace  organic  analyses  are 
to  be  performed.  Generally,  either  plastic  or  glass  containers  may  be  used 
for  other  parameters.  The  samples  should  be  maintained  at  4°C  until  analyzed 
but  never  frozen.  The  storage  period  should  be  as  short  as  possible  to 


*  The  procedure  for  the  Standard  Elutriate  Test  was  extracted  from  TR 

EPA/CE-81-1  "Procedures  for  Handling  and  Chemical  Analysis  of  Sediment  and 
Water  Samples." 


minimize  changes  in  Che  characteristics  of  Che  water.  Disposal  site  water 
should  be  analyzed  or  split  and  preserved  immediately.  The  remainder  of  Che 
water  should  be  used  in  the  elutriate  test,  which  should  be  processed  within 
1  week  of  collection. 

Sediment  sample  collection.  Samples  should  be  taken  from  the  fill  or  the 
dredging  site  with  a  grab  or  a  corer.  Approximately  3£  of  sediment  or  fill 
material  would  provide  sufficient  sample  to  prepare  triplicate  3-1  elutriates. 
Again,  if  Che  resultant  standard  elutriates  are  Co  be  analyzed  for  trace 
organics  or  a  large  number  of  constituents,  a  proportionately  larger  initial 
sample  should  be  collected. 

Samples  may  be  stored  in  plastic  bags,  jars,  or  glass  containers. 

However,  if  trace  organic  analyses  are  to  be  performed,  glass  containers  with 
Teflon-lined  lids  are  required.  A  special  precaution  that  must  be  taken  with 
sediment  samples  is  to  ensure  that  Che  containers  are  completely  filled  with 
sample  and  that  air  bubbles  are  not  Crapped  in  Che  container.  This  step  is 
necessary  to  minimize  sample  oxidation  that  could  Influence  elutriate  test 
results. 

The  samples  should  be  stored  immediately  at  4*’C.  They  must  not  be  frozen 
or  dried  prior  to  use.  The  storage  period  should  be  as  short  as  possible  to 
minimize  changes  in  Che  characteristics  of  the  sediment.  It  is  recommended 
Chat  samples  be  processed  within  1  week  of  collection. 

Apparatus .  The  following  apparatus  are  required  to  perform  the  elutriate 
test.  Prior  to  use,  all  glassware,  filtration  equipment,  and  filters  should 
be  washed  with  5  to  10  percent  (or  stronger)  hydrochloric  acid  (HCl)  and  then 
rinsed  thoroughly  with  deionized  water.  The  necessary  apparatus  include: 

a.  Acid-rinsed  plastic  bottles  for  collection  of  water  samples. 

b.  Plastic  jars  or  bags  ("Whlrl-Pak,"  plastic  freezer  containers,  etc.) 
for  collecting  dredged  or  fill  material  samples. 

£.  Laboratory  shaker  capable  of  shaking  2-1  flasks  at  approximately 
100  excursions/minute.  Box  type  or  wrist-action  shakers  are 
acceptable . 

d.  Several  l-£  graduated  cylinders. 

e.  Large  (15  cm)  powder  funnels. 

Several  2-SL,  large-mouth  graduated  Erlenmeyer  flasks. 

g.  Vacuum  or  pressure  filtration  equipment,  including  vacuum  pump  or 
compressed  air  source,  and  an  appropriate  filter  holder  capable  of 
accommodating  47-,  105- ,  or  1 55-mm-dlameter  filers. 


h.  Membrane  filters  with  a  0.45-y  pore-size  diameter.  The  filters 
should  be  soaked  In  5  M  HCl  for  at  least  2  hr  prior  to  use. 

1.  Centrifuge  capable  of  handling  size  1-  or  0.5-£  centrifuge  bottles  at 
3000  to  5000  rpm.  International  Model  K  or  Sorval  Super  Speed  are 
acceptable  models. 

Wide-mouth,  1-gal  capacity  glass  jars  with  Teflon-lined  screw-top 
lids  for  use  as  sample  containers  when  samples  are  to  be  analyzed  for 
trace  organics.  (It  may  be  necessary  to  purchase  jars  and  Teflon 
sheets  separately;  In  this  case,  the  Telfon  lid  liners  may  be  pre¬ 
pared  by  the  laboratory  personnel.) 

Test  procedure.  The  stepwise  test  procedure  is  given  below: 

a.  Subsample  a  minimum  volume  of  1  1  each  of  dredging  site  and  disposal 
site  water.  If  It  Is  known  In  advance  that  a  large  number  of  mea¬ 
surements  are  to  be  performed,  the  size  of  each  subsample  should  be 
Increased  to  meet  the  anticipated  needs. 

b.  Filter  an  appropriate  portion  of  the  disposal  site  water  through  an 
acid-soaked  0.45-p  pore-size  membrane  filter  that  has  been  prerinsed 
with  approximately  100  ml  of  disposal  site  water.  The  filtrate  from 
that  rinsing  procedure  should  be  discarded. 

c.  Analyze  the  filtered  disposal  site  sample  as  soon  as  possible.  If 
necessary,  the  samples  may  be  stored  at  4“C  after  splitting  and  the 
appropriate  preservatives  have  been  added.  Filtered  water  samples 
may  also  be  frozen  with  no  apparent  destruction  of  sample  Integrity. 

d.  Repeat  steps  a,  b,  and  c  with  dredging  site  water.  This  step  Is 
omitted  with  a  fill  material  sample. 

e.  Subsample  approximately  1  £.  of  sediment  from  the  well-mixed  original 
sample.  Mix  the  sediments  and  unflltered  dredging  site  water  in  a 
volumetric  sedlment-to-water  ratio  of  1:4  at  room  temperature 

(22  ±  2*C).  This  Is  best  done  by  the  method  of  volumetric  displace¬ 
ment.  One  hundred  milliliters  of  unflltered  dredging  site  water  Is 
placed  Into  a  graduated  Erlenmeyer  flask.  The  sediment  subsample  Is 
then  carefully  added  via  a  powder  funnel  to  obtain  a  total  volume  of 
300  ml.  (A  200-ml  volume  of  sediment  will  now  be  In  the  flask.)  The 
flask  Is  then  filled  to  the  lOOO-ml  mark  with  unflltered  dredging 
site  water,  which  produces  a  slurry  with  a  final  ratio  of  one  volume 
sediment  to  four  volumes  water. 

This  method  should  provide  700  to  800  ml  of  water  for  analysis.  If  the 
analyses  to  be  run  require  a  larger  volume  of  water,  the  Initial  volumes  used 
to  prepare  the  elutriate  slurry  may  be  proportionately  Increased  as  long  as 
the  solid-to-llquld  ratio  remains  constant  (e.g.  mix  400  ml  sediment  and 
1600  ml  unflltered  dredging  site  water).  Alternately,  several  1-il  sediment/ 
dredging  site  water  slurries  may  be  prepared  as  outlined  above,  and  the 
filtrates  combined  to  provide  sufficient  water  for  analysis.  The  procedure 
continues  as  follows: 


£.  (1)  Cap  Che  flask  tightly  with  a  noncontaminating  stopper  and  shake 

vigorously  on  an  automatic  shaker  at  about  100  excursions  per 
minute  for  30  min.  A  polyf llm-covered  rubber  stopper  Is  accept¬ 
able  for  minimum  contamination. 

(2)  During  the  mixing  step  given  above,  the  oxygen  demand  of  the 

dredged  material  may  cause  the  dissolved  oxygen  concentration  In 
the  elutriate  to  be  reduced  to  zero.  This  change  can  alter  the 
release  of  chemical  contaminants  from  dredged  material  to  the 
disposal  site  water  and  reduce  the  reproducibility  of  the  elu¬ 
triate  test.  If  It  Is  known  that  anoxic  conditions  (zero 
dissolved  oxygen)  will  not  occur  at  the  disposal  site  or  If 
reproducibility  of  the  elutriate  test  Is  a  potential  problem, 
the  mixing  may  be  accomplished  by  using  a  compressed  alr-mlxlng* 
procedure  Instead  of  the  mechanical  mixing  described  In  Step  f 
(1).  After  preparation  of  the  elutriate  slurry,  an  alr-dlffuser 
tube  Is  Inserted  almost  to  the  bottom  of  the  flask.  Compressed 
air  should  be  passed  through  a  deionized  water  trap  and  then 
through  the  diffuser  tube  and  the  slurry.  The  flow  rate  should 
be  adjusted  to  agitate  the  mixture  vigorously  for  30  min.  In 
addition,  the  flasks  should  be  stirred  manually  at  10-mln  Inter¬ 
vals  to  ensure  complete  mixing. 

£.  After  30  min  of  shaking  or  mixing  with  air,  allow  the  suspension  to 
settle  for  1  hr. 

h.  After  settling,  carefully  decant  the  supernatant  Into  appropriate 

centrifuge  bottles  and  then  centrifuge.  The  time  and  revolutions  per 
minute  during  centrifugation  should  be  selected  to  reduce  the 
suspended  solids  concentration  substantially  and,  therefore,  shorten 
the  final  filtration  process.  After  centrifugation,  vacuum  or 
pressure  filter  approximately  100  ml  of  sample  through  a  0.45-u 
membrane  filter  and  discard  the  filtrate.  Filter  the  remainder  of 
the  sample  to  give  a  clear  final  solution  (the  standard  elutriate) 
and  store  at  4°C  in  a  clean  noncontaminating  container  In  the  dark. 
The  filtration  process  Is  Intended  for  use  when  the  standard 
elutriate  Is  to  be  analyzed  for  conventional  chemical  contaminants. 
When  the  elutriate  is  to  be  analyzed  for  organic  contaminants  and 
PCBs,  filtration  should  not  be  used  since  organic  concentrations  can 
be  reduced  by  sorption.  Centrifugation  should  be  used  to  remove 
particulate  matter  when  the  standard  elutriate  Is  to  be  analyzed  for 
specific  organics. 

1.  Analyze  the  standard  elutriate  as  soon  as  possible.  If  necessary, 
the  samples  may  be  stored  at  A^C  after  splitting  and  the  appropriate 
preservatives  have  been  added. 

Prepare  and  analyze  the  elutriate  in  triplicate.  The  average  of  the 
three  replicates  should  be  reported  as  the  concentration  of  the 
standard  elutriate. 


*  This  procedure  can  cause  the  loss  of  highly  volatile  chemical  constituents. 
If  volatile  materials  are  of  concern,  compressed  air  mixing  should  not  be 


PART  III:  SETTLING  TEST  PROCEDURES 


a.  Test  Objective.  The  objective  of  running  settling  tests  on  sediment 
to  be  dredged  is  to  define,  on  a  batch  basis,  its  settling  behavior  In  a 
large-scale  continuous  flow  dredged  material  containment  area.  The  tests  pro¬ 
vide  numerical  values  for  the  design  criteria  which  can  be  projected  to  the 
size  and  design  of  the  containment  area. 

b.  Settling  Column.  The  settling  column  shown  In  Fig.  A. 2  should  be 
used  for  dredged  material  settling  tests  (Montgomery  1978).  The  column  is 
constructed  of  8-ln.  plexiglass  tubing  and  can  be  sectioned  for  easier 
handling  and  cleaning.  Shop  drawings  of  the  column  with  bills  of  materials 
are  available  from  the  WES  Environmental  Laboratory.* 

c.  Samples.  Samples  used  to  perform  settling  tests  should  consist  of 
fine-grained  (<No.  40  sieve)  material.  If  coarse-grained  (>No.  40  sieve) 
material  present  In  the  sample  is  less  than  10  percent  (dry-weight  basis) , 
separation  Is  not  required  prior  to  sedimentation  testing.  A  composite  of 
several  sediment  samples  may  be  used  to  perform  the  tests  if  this  Is  thought 
to  be  more  representative  of  the  dredged  material.  Approximately  15  gal  of 
sediment  is  usually  required  for  the  tests. 

d.  Pilot  Test.  A  pilot  test  conducted  in  a  small  graduated  cylinder 

(1  1  is  satisfactory)  is  a  useful  method  for  determining  if  flocculent  or  zone 
processes  will  govern  the  Initial  settling.  The  pilot  test  should  be  run  at  a 
slurry  concentration  of  approximately  150  g/f.  If  an  interface  forms  within 
the  first  few  hours  of  the  test,  the  slurry  mass  is  exhibiting  zone  settling, 
and  the  fall  of  the  interface  versus  time  should  be  recorded.  The  curve  will 
appear  as  shown  In  Figure  A-3.  The  break  in  the  curve  will  define  the  con¬ 
centration  at  which  compression  settling  begins.  Only  lower  concentrations 
should  be  used  for  the  zone  settling  test  series  in  the  8-ln.  column.  If  no 
break  in  the  curve  is  evident,  the  material  began  settling  in  the  compression 
zone,  and  the  pilot  test  should  be  repeated  at  a  lower  slurry  concentration. 

It  should  be  emphasized  that  use  of  a  small  cylinder  as  in  the  pilot  test  is 
not  acceptable  for  use  in  design.  Wall  effects  for  columns  of  small  diameter 


*  Address  requests  to  the  attention  of  WESEP-E. 
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Figure  A-3.  Conceptual  plot  of  Interface  depth  versus  time 

affect  zone  settling  velocities,  and  data  obtained  using  small-diameter  col¬ 
umns  will  not  accurately  reflect  field  behavior.  If  no  interface  is  observed 
in  the  pilot  test  within  the  first  few  hours,  the  slurry  mass  is  exhibiting 
flocculent  settling.  In  this  case,  the  pilot  test  should  be  continued  until 
an  interface  is  observed  between  the  turbid  water  above  and  more  concentrated 
settled  solids  below.  The  concentration  of  the  settled  solids  (computed 
assuming  zero  concentration  of  solids  above)  is  an  indication  of  the  concen¬ 
tration  at  which  the  material  exhibits  compression  settling. 

e.  Required  Number  of  Column  Loadings  for  Tests.  Three  types  of  set¬ 
tling  tests  may  be  needed  to  fully  define  the  settling  properties  of  the 
dredged  material.  However,  in  many  cases,  the  8-ln.  settling  column  used  for 
the  settling  tests  need  only  be  loaded  with  slurry  once.  A  compression  set¬ 
tling  test  is  needed  to  define  the  volume  that  will  be  occupied  in  the  dis¬ 
posal  area  by  a  newly  deposited  dredged  material  layer.  Also  a  flocculent 
settling  test  for  either  the  slurry  mass  or  for  the  supernatant  water  above 
any  interface  is  required  to  predict  effluent  suspended  rolids  concentrations. 
Both  of  these  tests  should  be  conducted  at  a  slurry  concentration  equal  to  the 
expected  influent  concentration,  therefore  only  one  loading  of  the  test  column 
would  be  required  to  collect  data  for  both  purposes.  A  series  of  zone  set¬ 
tling  tests  is  required  to  define  the  minimum  required  surface  area  needed  for 
effective  zone  settling.  For  the  zone  settling  test  series,  the  pilot  test 
will  define  the  highest  concentration  that  should  be  used  for  the  series.  If 
the  column  is  initially  loaded  for  this  condition,  the  same  material  in  the 
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column  can  be  used  for  the  remaining  tests  by  draining  appropriate  volumes  of 
slurry  (remixed  following  a  test  by  agitating  with  compressed  air)  and  replac¬ 
ing  the  drained  slurry  with  an  equal  volume  of  water  of  appropriate  salinity. 


2.  Settling  Tests 

a.  Flocculent  settling  test. 

(1)  The  flocculent  settling  test  consists  of  measuring  the  concen¬ 
tration  of  suspended  solids  at  various  depths  and  time  Intervals  In  a  settling 
column.  If  an  Interface  forms  near  the  top  of  the  settling  column  during  the 
first  day  of  the  test,  sedimentation  of  the  material  below  the  Interface  Is 
governed  by  zone  settling.  In  that  case,  the  flocculent  test  procedure  should 
be  continued  only  for  that  portion  of  the  column  above  the  interface. 

(2)  Information  required  to  design  a  containment  area  In  which  floc¬ 
culent  settling  governs  can  be  obtained  using  the  following  procedure: 

(a)  A  settling  column  such  as  shown  In  Fig.  A. 2  Is  used.  The 
slurry  depth  used  In  the  test  column  should  approximate  the  effective  settling 
depth  of  the  proposed  containment  area.  A  practical  limit  on  depth  of  test  Is 
6  ft.  The  column  should  be  at  least  8  In.  in  diameter  with  sample  ports  at 
0.5-ft  intervals  (minimum).  The  column  should  have  provisions  for  slurry 
agitation  with  compressed  air  from  the  bottom  to  keep  the  slurry  mixed  during 
the  column-filling  period. 

(b)  Mix  the  sediment  slurry  to  the  desired  suspended  solids 
concentration  selected  to  represent  the  concentration  of  the  dredged  material 
Influent  C^.  The  slurry  should  be  mixed  in  a  container  with  sufficient  volume 
to  fill  the  test  column.  Field  studies  indicate  that,  for  maintenance  dredg¬ 
ing  the  fine-grained  material,  concentration  will  average  about  150  g/1.  This 
should  be  the  concentration  used  in  the  test  if  better  data  are  not  available. 

(c)  Pump  or  pour  the  slurry  Into  the  test  column  using  com¬ 
pressed  air  to  maintain  a  uniform  concentration  during  the  filling  period. 

(d)  When  the  slurry  Is  completely  mixed  In  the  column,  cut  off 
the  compressed  air  and  immediately  draw  off  samples  at  each  sample  port  and 
determine  their  suspended  solids  concentration.  Use  the  average  of  these  val¬ 
ues  as  the  Initial  slurry  concentration  at  the  start  of  the  test.  The  test  is 
considered  initiated  when  the  initial  samples  are  drawn. 
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(e)  If  an  Interface  has  not  formed  on  the  first  day,  flocculent 
settling  is  occurring  in  the  entire  slurry  mass.  Allow  the  slurry  to  settle 
and  withdraw  samples  from  each  sampling  port  at  regular  time  intervals  to 
determine  the  suspended  solids  concentrations.  Substantial  reductions  of 
suspended  solids  will  occur  during  the  early  part  of  the  test,  but  reductions 
will  lessen  at  longer  retention  times.  Therefore,  the  intervals  can  be 
extended  as  the  test  progresses.  Recommended  sampling  intervals  are:  1,  2, 

4,  6,  12,  24,  48,  96  hr,  etc.,  till  the  end  of  the  test.  As  a  rule,  a  50-ml 
sample  from  each  port  should  be  taken.  Continue  the  test  until  an  interface 
of  solids  can  be  seen  near  the  bottom  of  the  column  and  the  suspended  solids 
concentration  in  the  fluid  above  the  interface  is  <1  g/t.  Test  data  are  tabu¬ 
lated  and  used  to  plot  a  concentration  profile  diagram  as  shown  in  Fig.  A-4. 

(f)  If  an  interface  forms  the  first  day,  zone  settling  is 
occurring  in  the  slurry  below  the  interface,  and  flocculent  settling  is 
occurring  in  the  supernatant  water.  For  this  case,  samples  should  be 
extracted  from  all  side  ports  above  the  falling  interface.  The  first  of  these 
samples  should  be  extracted  immediately  after  the  interface  has  fallen  suffi¬ 
ciently  below  the  uppermost  port  to  allow  extraction.  This  sample  can  usually 
be  extracted  within  a  few  hours  after  initiation  of  the  test,  depending  on  the 
initial  slurry  concentration  and  the  spacing  of  ports.  Record  the  time  of 
extraction  and  port  height  for  each  port  sample  taken.  As  the  Interface  con¬ 
tinues  to  fall,  extract  samples  from  all  ports  above  the  interface  at  regular 
time  intervals.  As  an  alternative,  samples  can  be  taken  above  the  interface 
at  the  desired  depths  using  a  pipette  or  syringe  and  tubing.  As  before,  a 
suggested  sequence  of  sampling  intervals  would  be  1,  2,  4,  6,  12,  24,  48,  96 
hr,  etc.  The  samples  should  continue  to  be  taken  until  the  suspended  solids 
concentration  of  the  extracted  samples  shows  no  decrease.  For  this  case  the 
suspended  solids  in  the  samples  should  be  less  then  1  gH,  and  filtration  will 
be  required  to  determine  the  concentrations.  Tabulate  the  data  and  plot  a 
concentration  profile  diagram  as  shown  in  Fig.  A-4.  In  computing  the  percent¬ 
ages  remaining  R  for  this  case,  the  concentration  of  the  first  port  sample 
taken  above  the  falling  interface  is  considered  the  initial  concentration  SSo. 


(1)  The  zone  settling  test  consists  of  placing  a  slurry  In  a  sedi¬ 
mentation  column  and  reading  and  recording  the  fall  of  the  llquld-sollds 
Interface  with  time.  These  data  are  plotted  as  depth  to  Interface  versus 
time.  The  slope  of  the  constant  settling  zone  of  the  curve  is  the  zone  set¬ 
tling  velocity,  which  Is  a  function  of  the  initial  test  slurry  concentration. 

A  series  of  these  tests  are  required  if  the  material  exhibits  an  interface 
within  the  first  day.  The  range  of  slurry  concentrations  used  in  the  series 
should  vary  from  a  low  of  approximately  50  g/1  to  a  high  concentration  at 
which  the  slurry  exhibits  compression  settling  (determined  by  the  pilot  set¬ 
tling  test). 

(2)  Information  required  to  design  a  containment  area  In  which  zone 
settling  governs  can  be  obtained  by  using  the  following  procedure: 

(a)  A  settling  column  such  as  shown  In  Fig.  A. 2  is  used.  It  Is 
Important  that  the  column  diameter  be  sufficient  to  reduce  the  wall  effect  and 
that  the  test  be  performed  with  a  test  slurry  depth  near  that  expected  in  the 


(b)  Mix  the  slurry  to  the  desired  concentration  and  pump  or 
pour  It  Into  the  test  column.  Air  may  not  be  necessary  to  keep  the  slurry 
mixed  If  the  filling  time  Is  less  than  1  min. 

(c)  Record  the  depth  to  the  solid-liquid  interface  as  a  func¬ 
tion  of  time.  Readings  must  be  taken  at  regular  intervals  to  gain  data  for 
plotting  the  depth  to  interface  versus  time  curve  as  shown  In  Fig.  A-3.  It  is 
Important  to  take  enough  readings  to  clearly  define  this  curve  for  each  test. 

(d)  Continue  the  readings  until  sufficient  data  are  available 
to  define  the  maximum  point  of  curvature  of  the  depth  to  Interface  versus  time 
plot  for  each  test.  Tests  may  require  from  1  to  3  days  to  complete. 

(e)  Perform  a  minimum  of  four  tests.  Data  from  these  tests  are 
required  to  develop  the  zone  settling  velocity  versus  concentration  curve  as 
shorn  In  Fig.  A-5. 

c.  Compression  Settling  Test. 

(1)  A  compression  settling  test  must  be  run  to  obtain  data  for  esti¬ 
mating  the  volume  required  for  initial  storage  of  the  dredged  material.  For 
slurries  exhibiting  zone  settling,  the  compression  settling  data  can  be 
obtained  from  one  of  the  series  of  zone  settling  tests  with  interface  height 
versus  time  recorded.  The  only  difference  is  that  the  test  is  continued  for  a 
period  of  15  days  so  that  a  relationship  of  concentration  versus  time  In  the 
compression  settling  range  as  shown  In  Fig.  A-6  is  obtained.  For  slurries 
exhibiting  flocculent  settling  behavior,  the  test  used  to  obtain  flocculent 
settling  data  can  be  used  for  the  compression  settling  test  If  an  Interface  Is 
formed  after  the  first  few  days  of  the  test.  If  not,  an  additional  test  Is 
required  with  the  slurry  concentration  for  the  test  sufficiently  high  to 
initially  Induce  compression  settling.  This  concentration  can  be  determined 
by  the  pilot  test. 

(2)  The  following  steps  are  used  to  develop  the  concentration  versus 
time  plot: 

(a)  Tabulate  the  Interface  height  H  for  various  times  of 
observation  during  the  15-day  test  period. 

(b)  Calculate  concentrations  for  various  Interface  heights  as 


follows: 
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Figure  A-5.  Conceptual  plot  of  zone  settling  velocity  versus  concentration 
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Figure  A-6.  Conceptual  time  versus  concentration  plot 
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where  C  =  slurry  concentration  at  time  T,  g/ £ 
*  initial  slurry  concentration,  g/ £ 

»  initial  slurry  height,  ft 
H  *  height  of  interface  at  time  T,  ft 


Assume  zero  solids  in  the  water  above  the  Interface  to  simplify  calculations. 

(c)  Plot  concentration  versus  time  on  log-log  paper  as  shown  in 


Fig.  A-6. 

(d)  Draw  a  straight  line  through  the  data  points.  This  line 
should  be  drawn  through  the  points  representing  the  compression  settling  or 
consolidation  zone  as  shown  in  Fig.  A-6. 
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PART  IV:  JAR  TEST  PROCEDURES  FOR  CHEMICAL  CLARIFICATION 


1.  General. 


Jar  tests  have  been  used  to  evaluate  the  effectiveness  of  various  coagu- 
lents  and  flocculants  under  a  variety  of  operating  conditions  for  water  treat¬ 
ment.  The  procedures  and  evaluation  process  have  been  adapted  to  dredged 
material.  However,  conducting  jar  tests  and  interpreting  the  results  to 
determine  design  parameters  are  not  simple  tasks  because  there  are  many  vari¬ 
ables  that  can  affect  the  tests.  Only  experience  can  assist  in  applying  the 
following  jar  test  procedures  to  a  specific  project.  Additional  information 
is  available  on  equipment  requirements  and  the  Importance  of  flocculant  type, 
flocculant  concentration,  flocculant  addition  methods,  temperature,  mixing  and 
test  equipment,  and  intensity  and  duration  of  mixing  on  the  jar  tests  results. 

2.  Selection  of  test  conditions. 


a.  Mixing  intensity  and  duration.  Prior  to  testing,  the  mixing  inten¬ 
sity  and  duration  for  the  jar  tests  should  be  selected  based  on  project  condi¬ 
tions.  Assuming  mechanical  mixing  will  not  be  used  in  the  treatment  system, 
the  amount  of  mixing  should  be  based  on  the  available  head  between  the  two 
containment  areas,  that  is,  the  difference  between  the  water  surfaces  of  the 
two  areas  that  can  be  maintained  throughout  the  project.  The  depth  of  the 
secondary  area  must  be  sufficient  to  provide  2  to  3  ft  of  storage  and  2  to 
3  ft  of  ponding  for  good  settling.  Preferably,  2  to  3  ft  of  head  should  be 
available  for  mixing.  The  object  is  to  convert  the  head  into  mixing  energy  in 
the  culvert(s)  joining  the  two  containment  areas.  The  amount  of  head  loss  is 
a  function  of  flow  rate,  culvert  diameter,  and  length. 

(1)  The  designer  may  calculate  a  mixing  value  Gt  based  on  the  head 
loss,  mixing  Intensity,  and  duration  for  the  existing  or  designed  culvert 
according  to  the  following  procedure  for  pipe  flow  (Streeter  1971).  Assuming 
a  submerged  inlet  and  outlet  and  corrugated  metal  pipe. 


where 

H  •  head  loss,  ft 

L  =  culvert  length,  ft 

f  =  friction  factor 
2  1/3 

=  185  n  /D  (n  =  Manning's  coefficient,  0.025  for  corrugated  metal 
pipes) 

D  =  culvert  diameter,  ft 

V  =  maximum  velocity  through  culvert,  ft/sec 


Q  =  maximum  flow  rate,  units 
max  2 

g  “  gravity,  32.2  ft/sec 

The  mean  velocity  gradient  G  can  be  calculated  as  follows  (Jones,  Williams, 
and  Moore  1978): 


2gD^ 

where 

3 

Yg  =  specific  weight,  62.4  Ib/ft 
V  =  average  velocity,  ft/sec 

-5  2 

M  =  absolute  viscosity,  2,36  x  10  Ib-sec/ft  at  60°F 
s 

The  duration  t  of  the  mixing  is  determined  by 


The  net  mixing  Gt  is  the  product  of  the  mean  velocity  gradient  (Intensity)  and 
the  duration.  The  mixing  increases  with  Increases  in  head  loss,  culvert 
length,  and  duration  and  with  decreases  in  culvert  diameter.  Long,  multiple, 
small-diameter  corrugated  culverts  provide  the  best  mixing  conditions.  Good 
mixing  requires  a  Gt  of  about  30,000,  though  a  Gt  of  about  8,000  provides  ade- 
quate  mixing. 
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(2)  An  alternative  to  using  long,  small-diameter  corrugated  culverts 
to  effectively  convert  the  available  head  Into  mixing  would  be  to  Install 
static  mixers  In  the  culverts.  Static  mixers  are  fixed  obstructions  that, 
when  placed  In  a  culvert,  efficiently  Increase  the  turbulence  produced  by  the 
flow.  The  mixers  Increase  the  head  loss  without  using  smaller  diameter  or 
longer  culverts.  When  using  these  devices,  care  must  be  taken  to  accurately 
determine  the  head  loss  to  ensure  that  good  mixing  Is  provided  while  not 
exceeding  the  available  head. 

(3)  After  determining  G  and  t  for  field  conditions,  use  the  same  G 
and  t  for  rapid  mixing  conditions  In  the  laboratory  jar  test.  If  the  G  Is 
greater  than  the  G  available  on  the  jar  test  apparatus,  mix  at  maximum  speed 
and  Increase  the  duration  to  obtain  the  same  Gt.  The  relationship  between  G 
and  revolutions  per  minute  of  a  jar  test  apparatus  Is  shown  In  Fig.  A. 7. 


Figure  A. 7.  Velocity  gradient  G  calibration 
curves  for  jar  test  apparatus 


For  slow  mlxlngi  mix  at  20  rpm  (G  »  10  sec  for  300  sec  to  simulate  the  exit 
loss  conditions  as  the  water  dissipates  its  kinetic  energy  upon  entering  the 
secondary  cell. 

b.  Suspension  concentration.  The  next  step  is  to  predict  the  average 
solids  concentrations  and  turbidity  of  the  suspension  to  be  treated  at  the 
primary  weir.  This  can  be  estimate^  from  past  records  of  dredging  at  the 
site,  flocculent  settling  tests,  or  from  nomographs  developed  by  Walski  and 
Schroeder  (1978).  Two  nomographs  were  developed:  one  for  freshwater  clays 
that  undergo  flocculent  settling  and  the  other  for  freshwater  silts  and  salt¬ 
water  sediments  that  undergo  zone  settling.  The  nomographs  relate  the  flow 
rate,  effective  weir  length,  and  ponding  depth  (depth  of  water  above  Interface 
of  settled  material  at  the  weir)  to  the  suspended  solids  concentration  of 
water  discharged  over  the  weir.  These  relationships  are  considered  valid  for 
well-designed  primary  containment  areas  that  are  properly  sized  for  the  effi¬ 
cient  retention  of  suspended  solids  by  gravity  sedimentation. 

c.  Settling  time  for  flocculated  material.  The  next  variable  to  estab¬ 
lish  Is  settling  time.  Flocculated  (chemically  treated)  material  settles  at  a 
rate  of  about  0.25  ft/mln  (Jones,  Williams,  and  Moore  1978).  The  required 
ponding  depth  for  good  settling  is  about  2  to  3  ft;  therefore,  a  minimum  of 

10  min  is  needed  for  settling.  Also,  due  to  basin  Inefficiencies,  some  of  the 
water  will  reach  the  secondary  weir  in  10  to  20  percent  of  the  theoretical 
detention  time.  For  secondary  containment  areas,  this  may  be  as  short  as 
10  to  20  min,  though  the  mean  detention  time  may  be  about  50  min.  Based  on 
this  information,  the  settling  time  in  the  jar  test  should  be  set  at  10  min. 
The  effect  of  settling  time  on  suspended  solids  removal  can  be  evaluated  In 
the  jar  test  procedures. 

d.  Selection  of  polymers  for  testing.  The  final  consideration  before 
starting  the  jar  tests  is  the  selection  of  polymers  to  be  tested.  To  simplify 
the  operation  of  feeding  and  dispersing  the  pol3nner  at  the  project,  a  low  vis¬ 
cosity  liquid  polymer  should  be  used.  Some  polymers  effective  on  dredged 
material  are: 


■  |4. 


aU  a'ft 


Calgon  M-503 


Hereof loc 


Magnlfloc  573C 


Nalco 


Polymer  manufacturers  may  be  able  to  suggest  others.  The  manufacturers  can 
also  recommend  maximum  polymer-feed  concentrations.  Polymer  selected  for 
testing  should  be  nontoxic,  nonhazardous ,  and  unreactlve.  Pol3niier  manufac¬ 
turers  can  provide  detailed  Information  on  the  properties  of  their  products. 
Also,  the  US  Environmental  Protection  Agency  has  approved  many  polymers  for 
use  on  potable  water  at  specified  dosages.  Very  little  of  an  applied  dosage 
Is  expected  to  be  discharged  from  the  containment  area  since  the  polymer 
adsorbs  on  the  solids  and  settles  In  the  containment  area.  Therefore,  poly¬ 
mers  should  not  be  detrimental  to  the  quality  of  the  receiving  waters.  Poly¬ 
mers  do  not  Increase  the  long-term  release  of  contaminants  or  nutrients  from 
treated  dredged  material.  Consequently,  there  appears  to  be  no  reason  to  con¬ 
sider  polymer-treated  uncontaminated  dredged  material  as  a  hazardous  substance 
requiring  special  considerations. 


3.  Suspension  preparation.  Dredged  material  that  Is  discharged  over  the  weir 
Is  composed  of  only  the  finest  fraction  of  the  sediment.  In  many  cases,  this 
material  has  been  suspended  and  mixed  In  the  primary  containment  area  for 
several  days  while  the  coarser  material  settled.  Therefore,  to  obtain  repre¬ 
sentative  suspensions  for  testing,  the  following  procedure  Is  recommended: 


a.  Thoroughly  mix  each  sediment  sample  to  ensure  homogeneity.  Then, 
blend  together  equal  portions  of  each  sample  to  form  a  representative  compos¬ 
ite  of  the  sediment.  Grain-size  analysis  and  soil  classification  may  be  per¬ 
formed  on  this  material  to  characterize  the  mixture  and  to  compare  It  with 
previous  characterizations  of  the  sediment. 

b.  If  the  sediment  mixture  contains  more  than  10  percent  (dry-weight 
basis)  coarse-grained  (>No.  200  sieve)  material,  the  material  should  be  sieved 
though  a  standard  U.  S.  series  No.  200  sieve.  The  fines  can  be  washed  through 
the  sieve  using  water  from  the  bottom  of  the  water  column  at  the  dredging 
site.  If  this  water  Is  unavailable,  tap  water  may  be  used  In  Its  place,  but 
the  salinity  of  the  suspension  of  fines  (<No.  200  sieve)  must  be  adjusted  to 
the  naturally  occurring  salinity  of  the  bottom  waters  at  the  project  site. 

c.  Prepare  a  supply  of  2.0  g/1  suspensions  by  diluting  a  well-mixed 
portion  of  the  slurry  of  fines  with  water  from  the  dredging  site  or  with  tap 
water  adjusted  with  salt  to  the  same  salinity.  Suspensions  at  other  concen¬ 
trations  would  be  prepared  in  the  same  manner. 

4.  Jar  test  procedures. 

a.  Having  established  the  test  variables,  the  designer  is  ready  to 
start  the  laboratory  jar  test  procedures.  Care  must  be  exercised  in  the  tests 
to  ensure  that  each  sample  Is  handled  uniformly.  The  tests  must  be  performed 
in  a  standard  manner  to  evaluate  the  results.  The  following  variables  must  be 
controlled:  Identical  test  equipment  and  setup;  suspension  preparation;  sam¬ 
ple  temperature;  polymer-feed  concentration  and  age;  polymer  dosage;  sample 
premix  time  and  Intensity;  polymer  addition  method;  duration  and  intensity  of 
rapid  mixing;  duration  and  Intensity  of  slow  mixing;  settling  time;  sampling 
method;  and  laboratory  analyses  of  samples. 

b.  All  of  the  following  procedures  described  In  this  section  are  not 
necessary  for  every  project.  The  required  tests  are  dependent  on  the  purpose 
of  the  study,  and  some  tests  can  be  eliminated  based  on  past  experience  of 
treating  dredged  material  under  similar  circumstances. 
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c.  Selection  of  polymer.  The  laboratory  jar  test  procedures  are  as 
follows: 

(1)  Fill  a  1-  or  2-1  beaker  with  a  2.0  g/Jl  suspension  of  fine¬ 
grained  dredged  material. 

(2)  Mix  at  100  rpm  and  Incrementally  add  polymer  at  a  dosing  of 

2  mg/1  until  floes  appear.  Note  total  dosage  applied.  (Use  a  polymer-feed 
concentration  of  2  g/ 1  or  2  mg/ml.) 

(3)  Fill  six  1-  or  2-1  beakers  with  a  2.0  g/l  suspension  of  dredged 
material  and  measure  the  suspended  solids  concentration  and  turbidity  of  the 
suspension. 

(A)  Mix  at  100  rpm  for  1  min  and  then  rapidly  add  the  desired  poly¬ 
mer  dosage  to  each  beaker.  Use  a  range  of  polymer  dosages  from  0  mg/1  to 
about  twice  the  dosage  determined  In  step  (2). 

(5)  Immediately  adjust  the  mixing  to  the  desired  G  for  rapid  mixing 
as  determined  earlier.  Mix  for  the  desired  duration  t  also  determined  ear¬ 
lier. 

(6)  Reduce  the  mixer  speed  to  a  G  of  10  sec  ^  and  slow  mix  for 

300  sec. 

(7)  Turn  off  mixer  and  allow  the  mixture  to  settle  for  10  min. 

(8)  Withdraw  samples  from  the  700-ml  level  of  l-X.  beakers  and  from 
the  1400-ml  level  of  2-£  beakers. 

(9)  Measure  the  suspended  solids  concentration  and  turbidity  of  the 
samples.  Also  record  any  significant  observations  such  as  nature,  size,  and 
settling  characteristics  of  the  floes;  time  of  floe  formation;  and  any 
peculiarities . 


(10)  Repeat  steps  (3)  through  (9)  as  needed  to  adequately  define  the 
effects  of  dosage  on  clarification. 

(11)  Repeat  steps  (1)  through  (10)  for  the  other  polymers.  A  dosage 
of  10  mg/Jl  should  reduce  the  solids  concentrations  by  95  percent  if  the  poly¬ 
mer  is  effective.  Examine  enough  polymers  to  find  at  least  two  effective 
polymers. 

(12)  Select  the  most  cost-effective  polymer  that  can  be  easily  fed 
and  dispersed. 

d.  Selection  of  polymer-feed  concentration.  After  selecting  the 
polymer,  the  effects  of  polymer-feed  concentration  and  polymer-solution  age  on 
the  removals  can  be  evaluated.  Some  polymers  require  great  dilution  and  aging 
following  dilution  to  maximize  their  effectiveness.  This  test  is  not  required 
if  adequate  dilution  water  and  solution  aging  are  provided  in  the  design  to 
meet  the  manufacturer's  recommendations.  Often,  to  simplify  the  treatment 
system  design,  these  recommendations  are  not  met.  The  test  is  performed  as 
follows: 

(1)  Prepare  six  fresh  solutions  of  the  selected  polymer  ranging  in 
concentration  from  about  1  to  40  g/i. 

(2)  Fill  six  beakers  as  in  step  (3)  of  the  jar  test  procedure. 

(3)  Mix  at  100  rpm  for  1  min  and  then  rapidly  add  the  pol3nner  solu¬ 
tions  at  the  effective  dosage  established  earlier  and  in  the  same  manner. 

(4)  Continue  to  follow  the  procedures  outlined  in  steps  (5)  through 
(9)  of  the  jar  test  procedure. 

(5)  Allow  two  solutions  to  age  as  desired  (between  1  hr  and  1  day) 
and  repeat  steps  (2)  through  (4). 


e.  Determination  of  required  dosage.  The  dosage  requirements  of  the 
selected  polymer  for  the  anticipated  average  solids  concentration  of  the 
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primary  effluent  suspension  to  be  treated  at  the  primary  weir  should  be  evalu¬ 
ated.  This  concentration  was  determined  previously  from  past  records,  floccu- 
lant  settling  tests  or  from  nomographs  (Schroeder  and  Walski  1978).  The 
procedure  is  as  follows: 

(1)  Fill  six  beakers  with  suspensions  at  the  desired  concentration 
of  the  fine-grained  fraction  of  dredged  material.  Measure  the  suspended 
solids  concentration  and  turbidity  of  the  suspension. 

(2)  Mix  at  100  rpm  for  1  min  and  then  rapidly  add  the  desired  poly¬ 
mer  dosage  to  each  beaker.  The  range  of  dosages  should  be  proportional  to  the 
solids  concentration. 

(3)  Continue  to  follow  the  procedures  outlined  in  steps  (5)  through 
(10)  of  the  Jar  test  procedure. 

Other  suspensions  with  different  solids  concentrations  may  be  examined  in  the 
same  manner  to  determine  the  possible  range  of  dosages  required  for  the  proj¬ 
ect  and  the  possible  range  of  effluent  quality  obtainable  under  conditions  of 
variable  primary  effluent  solids  concentration  to  be  treated. 

f.  Effects  of  mixing.  Other  mixing  conditions  can  be  examined  to 
determine  the  impact  of  low  flow  conditions  and  to  evaluate  whether  the  mixing 
is  adequate.  The  effects  of  increasing  the  mixing  by  a  Gt  of  5,000  and  10,000 
and  of  decreasing  flow  rate  by  50,  75,  and  90  percent  on  the  polymer  dosage 
requirements  can  be  evaluated  as  follows: 

(1)  Calculate  the  new  mixing  intensity  and  duration. 

(2)  Fill  six  beakers  with  a  suspension  at  the  anticipated  average 
solids  concentration. 

(3)  Mix  at  100  rpm  for  1  min  and  then  rapidly  add  the  desired  poly¬ 
mer  dosage  to  each  beaker.  Select  a  range  of  dosages  surrounding  the  optimum 
dosage  determined  in  the  last  set  of  experiments  on  the  same  suspension. 
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(4)  Immediately  adjust  the  mixing  to  the  G  value  calculated  In  step 
^  for  rapid  mixing  and  mix  for  the  calculated  duration  t. 

(5)  Follow  the  procedures  outlined  in  steps  (6)  through  (9)  of 
the  jar  test  procedure. 

g.  Effects  of  settling  time.  The  effects  of  settling  time  on  effluent 
quality  can  be  examined  as  follows: 

(1)  Determine  the  range  of  settling  time  of  Interest  bearing  in 
mind  that  the  secondary  basin  will  be  hydraulically  inefficient  and  the  set¬ 
tling  conditions  will  not  be  quiescent. 

(2)  Follow  procedures  outlined  In  steps  (3)  through  (9)  of  the  jar 
test  procedure  but  adjust  the  settling  time  and  sampling  schedule  to  cover  the 
range  determined  above. 


Table  Bl.  List  of  Approved  Biological  Test  Procedures 


ParamM  and  umta 


Bactana. 

1  Coirform  (facaO  numbar  par  100  ml . 

MPN.  5  fuoa.  3  (ftiubonl.  or.  mambrana  fMar  (MF) «.  angia  step 

MPN  5  tuba  3  d4ubon . 

MPN.  5  tuba.  3  d4ubon:  or.  Mf  *  smgta  atap  or  two  slop . 

S.  Facal  itraploooca,  numbar  par  100  mi . . 

MPN,  S  kJb*.  3  autorr.  MF  •:  or.  pMM  OSunI . . . 

Ralafanca  (Mathod  Numbar  or  Paga) 
Standanl 

Mad)Oda  )SA  ASTM  USG2 


&-0050>77 

B-002&-77 


90ft  (A4-A.Sc) 


Ofi _ _ _ 

oc . 


Tab*#  lA  NotM 

•  Tha  matnod  must  da  spac«f>ad  a^ftan  rasufta  ara  raportad- 

•  ••Mcfoe^okx^  Mamod*  fcs  Morvionna  ma  Envwonmant.  watar  ana  Wataa.  I97r'.  EPA-ft00/ft-76-0i7.  US.  Enwonmantai  Protaction  Agancy.  ...  „ 

•  Oaason.  PE .  a/.,  Mathods  for  Cooactton  and  Ar\atys«  oi  Aquaac  6«ciogicai  and  MicrobioiogM^at  Sampiaa,  'U.S.  GaoiogKa*  Sgivay.  TacNsquaa  ed  Waiat  naaoucaa  mwadgationa. 

Booa  5.  Chaptar  as.  Laboratory  Anatyai.  t977 

•  0  45  um  mambrana  fwar  or  otnar  pora  »ia  car^ftad  by  ma  manufacturar  lo  ratam  orgvwna  to  ba  cuibvaiad.  and  fraa  0*  avtractaWaa  whcb  oouM  srtartara  a^m  maa  groarm  and 

•  Approvad  only  if  cbaaoKition  of  ma  KP  Straptococcut  Agar  (Sacbon  5.1.  USGS  Mathod  ft-0055-77)  it  mada  m  a  bo*ng  watar  bam  lo  avoid  aoorcbmg  ot  ma  madami 


Table  B2.  List  of  Approved  Inorganic  Test  Procedures 


R«l«r«r>c«  (fiwmod  No  or  P»g«) 


PwiMtor,  unM,  wid  nMhod 

EPA  1979 

Sttndird  momod*  I5t0 

Ed 

ASTM 

USGS  < 

Otbcr 

1.  AcidNy.  •■  CaCOi.  mg/L  Eloctromaftic  ono  point 
or  phorvjlpMhoMff^  ond  poinL 

2.  AMMy.  M  CaCOk  m^L  Qodromoferic  or  color* 
imiric. 

D1067-70(E),_ . 

403. . .  ,  _ 

01007(8) . . 

1-1030-70  . - 

P  540  • 

1-2030-70 . 

3.  Aluminum->ToM  •  mg/L  OiOMtton  •  teMowd  bf 

202  1  . . . 

309C . 

1-3051-70 . 

i  304....  _ _ _ _ 

MMbod  200.7  < 

3008 . . . . 

4.  Ammon*  (•*  N).  mg/L:  ManuH  MMMion*  (it 
pH*S): 

1 

417A  . 

1 

1 

1 

4178 . . . - . 

01429-79(A) . 

1-3020-70  . 

P  553  • 

4170 . 

asofi  .  . 

01420-79(0) . 1 

417F . ! 

O1420-79(C) . 

M023-70  . - . 

• 

S.  AMmonir— Tow  *.  mg/L  Oiganon  •  toUonmO  Oy. 

XM  1 . 

303A . 

204  2 . . . 

304 . 

Method  200  7  • 

0.  ArMrac-’ToM  *.  mg/L' 

s 

303E 

02972-70(8) . 

1-3062-70 . 

M«mod  200.7.« 

3078  . . 

02972-7e<A) . 

1-3060-70 . 

7.  Biriunv-Totil  *.  mg/U  Oigotoon*  foNonmd  by: 

209  1 

30X . 

1-3064-70 . 

XM  9 

M«0¥>d  200.7* 

0.  Borytium  To<1  m^L:  Oigoobon  *  foiowmd  by: 

210  1 

303C.  . . - 

09040-70 . - . 

1-9000-70 - - 

*10Jl - 

304 . . . - . . 

:vi 
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Table  B2.  (Continued) 


Pa.arri«t«r.  units.  «nd  rrwthod 

— 

Rataranca  (irathod  No  or  paga) 

EPA  1979 

1  Standard  memodt  1S0> 
1  Eo 

!  ASTU 

1 

uses  ‘ 

Othar 

tnduct’vsN  couMd  Dtssmt .  I  1 

Mainod200  7« 

Or  coK3rm«tiiC  .’siunsnon) . 

i  3096 

1 

9  8'OCN»m<«i  oxygsn  d^msnd  (BOOi).  mg/L 

. 

1 

1 

I 

(A^ids  rnoCibcstion)  . 

405  1  . 

. 1  507  . 

.  1-1578-78 

Or  •‘•cvo<)«  method  . 

P  M  • 

10  Bofor> — T.d1*J.  mg/L 

1 

1  . 

1 

Co>‘onm«uc  (cufCufTun)  or  . 

2123 . 

. 404A 

irwuct)v«ty  couotdd  onsm*  .  • 

11  0'om.o#  iT»g/L  T.tnmsinc 

320  1  . 

j 

P  S44  '• 

12  Caam»u<T>— ToUl  *.  mg/L  Ctgssooo*  (olkmsd 

1 

j 

by 

AA  ssptfstion  . 

2132 . 

j  X3A  or  3038 

j  03557-78  (A  or  3| 

,  1-3135-78  or  1-3136-78  . . 

Fa  557  • 

AA  turnsc* 

2132  . 

. 1  304  . 

[ 

P  37* 

coupled  pi«$ma  . 

1 . 

. 

Method  200  7  * 

VOHar-^lr/*  or 

.  .  -i  03557-7a;O  . 

Co»oometnc  l[>fh*K)na) 

3108  . 

13  Calcium— Total  *  mg/L.  Ogaabon*  foNonrad  by 

1 

■  "i  . 

Aiomc  absorption  . 

1  215  1  . 

303A . 

. ;  0511-77(0 . . 

inductivety  coupled  plasma  . 

Method  200.7  • 

Or  EOTA  atration 

■  2152  . 

3tlC . 

. J  C5n-77»3) . 

1 4  r.arbonacaout  Bochamcai  ovygan  damand 

507(5  «  6) 

(C80CX).  mg/L  Wmklar  (A^kM  moOficationi 
aiaciroda  memod  wnih  retniicabon  mnaMior 

5  CharTw:ai  oiygen  damand  (CXO).  mr)/L 

or 

, 

1 

Tttnmeinc  cotonmatTK 

410  1  .  ... 

508A  . 

. •  01252-78  . 

L3560-78  . 

P  550*  tna 

P.  17*  mi 

(”) 

Manual  or 

4102  . 

. 

1 

Automatod 

410  3  ...  . 

4104 

. 1 . 

1-3561-78  . 

. 

Spec  uopnofomatre 

1 

16  Chionda  mg/L 

1 

TitnmatTK  ls*Nar  rutraiai  or 

407A  . 

Marcunc  rwtrata 

325  3 

4070  . 

. '  D5l2-67-Ai . . . 

i.l  184-78 . 

P.  554* 

Ccionmatnc  (femeyanaaa)  manual  or 

I-11S7-78 . 

Automated 

,  325  1  or  325  2 

407D  . 

17  CNonna — Total  rasaluai.  mg/L 

Tttnmatnc  arT^wromatnc  '*  . 

330  1  . 

406C . 

.  Cr?53-7A'A» 

SMreb  and  pomt 

330  2  . 

4098 . .  ‘  ’  ’  . 

lodomatnc  or  . 

33C  3 . 

408A  . 

.  01253-76^9)  . - . 

OPOFAS 

.  330  4  . 

4080  . 

S()•c»<»^o^om»^rlc.  DPO.  or  . 

1  330  5 . . 

406E  .  i 

Eiagtroda 

D 

18  Chromum  vi  dnaotvad.  ng/L  0  4S  moon  Mtra- 

tion  mth 

: 

E  rtraction  and  a*omic  absorption,  or 

'2184 

3038  . 

1-1232-78  . 

(^otonrnainc  (Cipbanyicartazida) 

9  Chfomturv-TotaH,  mq/L 

I 

Digs'ibon  *  (optKXial  eivacbon)  foUoiwad  b« 

218  3 

j 

AA  difact  aspiration 

218  1 

303A  or  3030  . 

. 1  01667-77(0) . 

'-3236-79 . 

P  557  • 

AA  furnaca 

inducri<eiy  coupiad  plasma 

,  2182 

304  . 

Mathod  200  7  « 

Or  colonmatrc  (Dipharr<cart>a2ide) 

312A  . 

.  ,  Oiiy57.7:(A)  . 

20  Coi5an— Total  *  mg/L  Ogastion*  toiiowad 

by 

1 

A.^  dM'aci  aspiratKXi 

219  1 

(-3240-78  or  1-3239-70.... 

P.  37  • 

AA  furnaca.  or  . 

2192  . 

304  . 

inductvety  coupiad  pi^sma . 

MiTtiOfl  200  7  * 

21  Co^.  puiinum  (Cobalt  u'^ita  or  dommant  wav^ 

1 

lanqth  hua  luirnraiKa.  puniy 

Cdonmotnc.  AOMI  . 

110  1 . 

2040  . 

("I 

Ptat*nom  coca-l.  or  .  . 

,  1102 . 

1 

Spactroonofometnc 

1103 

2040  . 

, 

22  Copper- Total rr.o/u  Cgestion^  foitoarad  by 

1 

AA  a"p.raiion  , 

AA  fum  ice 

220  1  . 

,  220  2 

303A  Of  3038 

304  . 

D’6ed-77  (0  or  E)  .  . 

1-3271-78  or  1-3270-78 

P  557*  and  P  37* 

if'ouri.Ai'fiy  coitpieo  oi<is-Tia 

Mathod  2007  * 

(*• ) 

Co‘rf'  ’'-^t/«o  'N*»ocupiO'ne)  .  . 

B»r  ncnoc''**!'# 

3138 

.  Oio&d-77(A)  . 

?3  Cyan.o*.  -  l*i  mq/L 

, 

VifH.to*  .  'nn  with  M^'3I| 

■  335  2  . 

4120 

4120 . 

FoiL/*eo  rv  J  '.oetnc 

335  2  . 

P  22  * 

Manual  or 

.  335  2 . 

412C 

Automarad '  *  sonctrot'no;onHftnc 

■  335  3  . 

4120 

.  ;  0.0JC-.'3.A)  . 

1-3300-78  . 

24  CyanJt;  amonaM#  to  ^.rionnation,  mg/L  Marniai 
disiitia*'  tn  w'h  MrfM,  FcHowod  by  i.tnrTvtnc 

335  1  . 

412F 

.02036-75(6) . 

1 

manual  or  aulomaind  '  *  spuctropnotomatnc 

25  FkiOiOa— Total  mg/L 

1 

1 

Manual  Oi’jUUaion  * 

4i3A 

FoiKmeO  nv  manual  or 

Automa  -lo  auKtroda 

340  2 

4133 

.  ...  1  01173-72(8) 

1-4327-78  . 

•• 

SP*CN5 

O  auto-nattid  compiaaon# 

340  1 

340  3 

413C 

413E 

.  !  Oii'J-72;A) . 

29  Goid~T,t0j»  mg/L  Digestion*  followed 

by 

AA  fSiem  asp«aux> 

231  1 

303A 

Or  AA  'urnace 

27  Hardnasa— T otal  as  CaCo».  int|<L 

231  2 

304 

j 

Auio-~.aiad  cokmmeine 

1  JO  1 

EOTA  tiifiti^n 

.  130  2 

3i«e 

.  .  -  .  0M26-6/»3) . 

. 

1-1338-78 . .  . . 

mdurirvaiy  coupiad  pfasma 

Matfiod  200  7  • 

O  atorruc  aosorpiton  (turn 

2151* 

J03A 

I-3153-784>  . . . 

of  Ta  a  s)  Mg  aa  mav  raapactrva  c^Ponaiea) 

242  1 

KU48-78 . . 

Table  B2.  (Continued) 


.  unita,  and  mMhod 


Ralaranoa  (mathgd  No  or  pape) 


matnoda  ism 
Ed 


28  Hydrogan  (pH).  pH  unMa: 
Elactromatx . 


Measuramanta;  or  automatad  alactroda . 

29  indurn^Total  *.  mg/L  OigaaPon*  fplloarad  by; 

AA  daaci  aapaatton . . . . . I 

Or  AA  tumaca . 

30  Iror*— TcKaJ*.  mg/L 

Digostioo  •  foNotiwad  by . . . .  . 

AA  drect  aapaapor^ . . . . . - . 

AA  Kmaca . . . . . 

Inducbvaty  couplad  ptaama . . . . . 

Or  cotonmatnc  (Pharwntfvohrra) . 

31  Kieklahl  nrtroQar>— Total  (aa  N),  mg/L 

Oigeatior^  and  dsbHation . . . 

Foliowad  by  titration . . 

Nesstargation  or . . . . 

Elactroda . . . . 

Automatad  phenata . . . 

Sanvaotomated  bkicfc  dKjaator . . 

Or  potenbomatnc . . . 

32  Laad— Total*.  mg/L  On^aation*  foMowad  by; 

AA  dract  aapaabon . 

AA  Kffnaoa . . 

Inductivaly  oouplad  plaama . . 

Voltamatrv*  or . . . 

Cotorwwabic  (Ortboona) . . . 

33  Magnasunv— Total  *.  mg/L  Oigaabon  *  loiloarad 
by 

Atomc  abaorptpn . . . 

Inductivaly  couplad  plaama . . . 

Or  gravmatnc . 

34.  Maganaaa  Total  *.  mg/L  Oigaabon  •  loNowad 

tnr 

AA  dvact  asprabon . . . 

AA  Kmaca  . . 

Inductivaly  oouplad  ptaama . . . 

Or  ootonmatrc  (Parsudata) 

ParKKtata . . . 

35  Marcury— Total  *.  mg/L 

Cow  vapor,  manual  or . . . 

Auiomatad . . . . . 

38  MoiybdanurrK- Total  *.  mg/L  Oigaation  •  lol' 
Wwad  by 

AA  draci  aapration . 

AA  Kmaca.  or  . 

Inductivaly  couplad  plaama . 

37  Nickel— Total  *.  mg/L  Oigaation  *  loHovrad  by 

AA  diiact  aspiration . 

AA  Kmaca . . . . . 

Inductivaly  couplad  plasma . 

Or  cdonmatnc  (Haptoxma) . 

36  Nitrate  (at  N).  mg/L 

Bnicioa  suMata,  or  ..  . .  . 

Nmata-nitma  N  mmua  Nitnta  N . 

39  Nrtrata-nitnta  (aa  N).  mg/L 

Cadmium  reduction,  manual . 

Or  automatad;  or  . 

Automated  bydranna  . 

«0  Nitfila  (aa  N).  mg/L 

Spactrophotomatnc.  marxjal  or  . . . 

Automatad  (Oiazotization)  . 

41  04  and  graaaa— Total  raoovarabia.  mg/L  Grav^ 
matnc  (axtractKin). 

42  Organic  cartiorv-.Total  (TOC).  mg/L  Combuation 
or  oxidation. 

43  Organic  nitrogan  (aa  N).  mg/L  Total  Kpaidani  N  ' 

nwKit  ammonM  N  { 

44  OrthopnospKat#  (aa  P).  mg/L  Aacorbc  acW  ■ 

method,  automated  | 

Or  manual  smgia  reagent  or  .  i 

Manual  two  reagent  | 

■•5  Or-rTVim— Total  •.  mg/L  Oigatfon  *  loilowad  by  ' 

AA  duaci  atpvation.  or  | 

AA  Kmaca  . 

46  CV/gan.  ditaolvad.  mg/L  ! 

WmKJaf  (A/ida  modificaiion) 

O  wectroda 

47  Paiiadnm— Total  *.  mg/L  Ogaston  •  loi'owad  i 
by 

AA  dvact  aspvation  . 

Or  AA  Kmaca  , ,  .. 

*8  Phanolt.  mg/L  | 

Manual  dntiNebon  I 

FoMowad  by  marxial 
O  automatad  '*  coWrwnatnc  (4AAP1 
49  Phospnorua  (aiamantal).  mg/L  Gej-hgiiW  c/yp-  I 

matotpaphy  I 


'423  .  01293-78(A)  or  01293-  1-1588-78 

I  78(0) 


235  1  . - . i  303A 

235  2 . - . 1  304  . 


. . . .  I  303A  or  3030 - .  01C68-77  . j . 

2381  . . . . . :  3038  .  (CorO)  . . . ,1-3381-78. 

238.2 . . . I  304  . . 


j  Method  200  7  « 

!  ("I 


351.3 . 1  420A  w  B  . . 

351  3 . . . i  4170 . 

351.3..._ . . .  4170 . . . . 

3513 .  41 7£ . . . 

351  1 . . . . . 

351.2 . . . . . . . 


I  1-4551-78 
,  1-4552-78 


2391 . . .  303A  or  3030....... 

239.2 .  304 . 


03559-78  (A  or  0)  . 1  1-^99-78 


242.1 . . .  303A.. 


3180  .  0511 -77(A) 


303A  or  3030  .  0858-77  (0  or  Cn 

!  304 .  . 


245.1  . . .  303P. 

245.2  . - . - . . 


.  P  557  • 

,  Method  200  7  • 


Mamod  200  7  • 
P  584  • 

I 


. :  1-3462-78 


246  1 .  30X 

248  2  .  304. ... 


Method  200  7  * 


249  1 .  303A  or  3030 

249  2 . . .  304  . 


01886-77  (C  or  0)  .  ,  1-3499-78 


3218 . 


352  1 . . . j . ;  0092-71  . 

Saa  paramatara  39  and  i  Saa  paramatart  39  and  i  Sea  paramaiart  39  and  ,  Saa  paramaiari  30  and 
40  40  I  40  1  40 


353.3 .  4ieC  . 

353  2 .  4ieF  . 

353.1 . 


.  j  03867-79(8) 
..j  03867-79(A) 


419  .  01254-87 


413  1  . j  503A  . 


Saa  paramaiars  3i  and  4  |  420A 


02579- 7S<A)  or  025  79- 
TB(0>  I 

!  03590-77  rrvnus  0^426-  >  Saa  paramatart  3i  and  4 
1  79(A)  I 

,  ,  t-460t-78 


U15T5-70 
1-15  76-78 


P  551  •  arid  P 


I  01783-70  (A  or  0) 


P  S27  •• 

p  S2e  •• 


Table  B2.  (Continued) 


units,  snd  mstfiod 


50.  Phosphorus— Total.  mg/L 

ParsuNata  OgaaSon . . . 

Poltoaiad  by  manual  or . 

Automatad  aacortMC  aod . 

Paduction:  or  sarra-automatad  blocli  digastor  .  .. 
51-  PiabrxxTv— Total  •.  mg/L  Oigastion  •  tdlowad  by 

AA  diract  tspaation  . 

Or  AA  turr^aca  . 

52  Potassium — Total  *.  mg/L  Oigasboo  *  tofiowad 
by: 

Atomic  absorption  . . 

tnducnvaiy  coupiad  plasma . 

Or  flama  pholomatnc  . . 

53  Rasidua— total,  mg/L  Gravimatnc.  103-105*C . 

54  Residua— bltarabla.  mg/L  Gravimatnc.  IBO'C  . 

55.  Residua— nontitterabla.  (TSS).  mg/L  Gravi- 

matfK.  103-105*C  poat  washing  o4  residua 

56  Residua— sattlaabla.  mg/L  Volumatnc  (Imhoff 
cone)  or  gravimemc. 

57  Residua— volatila.  mg/L:  Gravimalnc,  550*C . 

58  RhodHjm— Total  *.  mg/L  Oigasboo  *  foUowad 
by 

AA  deect  aspiration . . . 

Or  AA  furnace . 

59  Rutharwim— Total  *.  mg/L  Digastton  ■  toAowad 
by 

AA  direct  aspeabon  . . 

Or  AA  furnace  . . 

60.  Selenium — Total  *  mg/L  Oigetbon  '  (ollowad  by 

AA  fu'r^r^ . 

inductrvafy  coupfad  plasma  . 

Of  hydnda  . 

6t  Sdca— OssoNad.  mg/t  0  45  micron  ftltjabon' 

FoHowad  by  marvjai  or . 

Automatod  cokywrtetnc  (MofytxJosiliCSta).  or  . 

inductivaty  coupled  plasma  . 

62.  Sibrar— Total  mg/L  Otgasbon  *  followad  by 

AA  dvact  aspeatKXi  . 

AA  furr\aca.  or  .  .  . 

indu«.tfvety  coupled  plasma . 

63  Sodium— Total  *.  rng/L.  Digealion  >  followad  by 

Afomc  absorptioo  . 

inductweiy  coupled  plasma . 

Or  name  photomatnc . 

64  Specific  cor>ducunoe.  mhos/cm;  Wheatstone 
brdpe 

65  Sl  sfe  (as  $0<).  mg/L 

Automated  meihyithymoi  btue . 

Grawimetnc.  or  .  .  . 

TurbKjimafnc 

66  Sulfide  (as  S).  mg/L 

Trtnmetnc  (iodine)  or  . 

Cok)nmetnc  (methylene  blue)  . 

67  Sulfite  (as  SO«).  mg/L  TdnmetrK  (odme  lodate) 

68.  Surfactants,  mg/L  Cdorwnetnc  (methyiena  blue) 

69.  Temperature.  'C  Thermometnc 

70  Thallium— Total.*  mg/L  Digestion*  followed  by 

AA  direct  aspirabon  . 

AA  furnace,  or  . 

Inductively  couptod  p'asma  . 

71  Tin — Total.*  mg/L  Digestion  •  followed  by 

AA  Orect  aspiration  or  .  . 

AA  furnace  .  . 

72  Tjfanfum— Total. ’  mg/L  Oigejbon  •  folJowwd  by 
AA  ryrffCi  aspvatjon  or 

AA  tjrn.^r© 

73  TurbiJ'y  NTu  Nephetometnc 

74  Vanad.uifv— Total.*  mg/L  Oigesuon  •  followed 
by 

AA  Owed  aspiration  . 

AA  lurnice  . 

Inductively  coupled  ptasma 

Or  coionmeinc  (Gallic  aod)  . 

75  Zme— Total.*  mg/L  Digestion*  followed  by 
AA  di/eci  aspvetionb 

AA  furnece 

irductr^ety  coupled  plasma 
Cf  CC'0''mqtnc  (Z^ncon) 


Refararwa  (method  No.  or  page) 


365.2 . . . .  424C(HI)  . 

365  2  or  365  3 . . .  424F . 

365  1 .  424G . 

3654 . 


M800-78 . . . 

l-460S-7e.. . . . . 


2551 .  303A  . 

255.2 .  304 


.  3228. 

160  3  .  20<)A.. 

160.1 .  2098  .. 

160  2 . - . -  2090  .. 


. .  P.  560.* 

.  Method  200.7.4 


.  L3750-78.. 

_  H750-78.. 

.  1-3765-78.. 


160  4 .  2096.. 


1-3753-78 . - . . 


270.2  .  304  . 


270  3  .  303E  . .  03859-79 .  1-3687-78.. 

370  1  425C .  0659-68(8) . .  1-1700-78.. 

. . .  1-2700-78.. 


303Aor303B .  1-3720-78.. 

304 . . . 


273  1 . ?3C3A.. 


01428-64(A) . 

01125-77(A) .  L1780-78,, 


UMhod  200.7.4 


Method  200  7.4 
P.  557  >  and  p.  37.« 


P,  581,  • 
Mathod  200.7.4 


375  2 . 1 .  1-2822-78 . . . - . 

375  3 .  426A  or  4269 .  D5l8-8e(A) . . . .  PP.  562-63.* 

375  4 .  426C .  0516-68(0) . . . 


376  1  .  4270  . 

378  2  . .  427C  . 

377  1  .  42eF  .  01339-78(0)... 

425  1  .  51 2A .  D2330-68(A) .. 

170  1  .  2*2 . . 


Mathod  200.7.4 


\  01089-71  .  1-0660-78  . 


I  303A  or  3038 
I  304 


01691-77(0) 
i  01091-77(0 


Method  200.7.4 


P  557  • 

P  374 

Method  200.7  « 


mmsma, 


WWW 


■■rN'lviy’:-""'- 


Table  B2.  (Continued) 


Tftbt#  tS  No<M 

*  "M«lhods  Jof  Anatvs**  Of  »rtofqanc  Substtncos  m  Walor  iod  Fluvial  S«d«fn«rf»  '  US  CiiP4»i«'#ni  ol  lf'«  ini#n<y.  U  S  G®o*oo»r«i  Oo#n  P  M  Report  ^A-€-'9  m  •(» 

Oe'efmmation  of  ifXKoamc  SubstarKes  m  Wator  and  Fluvial  Sadtmaofi. '  N  W  SAougstad.  «/ a/  uS  Gao*ogica<  Survay.  r#c/^n.q«iaa  ol  P^a*CK>ca#  'nvasi^aijoo.  boon  i.  (.'■■apiar  ai 

1979 

*  OffiCkal  Marnoda  ot  Analysit  of  tba  Association  of  Official  Analytical  CM<^tata  matnods  manual.  i3if^  td  (i960) 

*  For  the  datacmmation  ol  total  metals  the  sample  it  not  tittered  before  piocessirv)  a  d>pest.on  procedure  la  required  fo  sofutMii/e  tusoervjad  maienai  and  to  oesi'oy  pos^axe  wg*'<  me*al 
compleiet  Taro  c^q^st^on  p'oceduree  are  g  ven  «n  Methods  for  Chem<al  A  afvais  o»  Asior  and  t^avtet.  1979  One  (f  4  i  3).  ■$  a  •'Qorous  digestion  ws.no  n.o<  ac.d  A  >«sa  vigorous  d^jesicn 
utmg  nitriC  and  hydrocholonc  acida  (}  4  1  4)  la  prelerred.  however,  the  analyst  snooid  be  Cawiion«*d  thai  u»t  rruid  d'gesboo  may  not  Sui'ca  lor  i'l  sample  types  P'arirf-uierty  if  e  uxonmeinc 
procedure  t  to  be  emptoyed.  d  ca  necessary  to  ensure  that  ait  organo- metallic  bonds  be  broi  en  so  met  the  metal  e  n  •  reactive  state  m  tnose  etuatH^ns.  the  vigorous  <^ges!v3n  «  ip  be 
praferred  m«sing  certain  that  at  r>o  bma  doM  the  sample  go  lo  dryrtess  Sarnpies  coniaming  lan)#  amounta  of  orqanc  maienais  »ou<d  a'so  benefit  by  ihts  w/yous  digestxyi  ote  o*  the 
grapNte  furnace  technique,  mductiwely  COupied  p^eama,  aa  wen  aa  deferrmnat^rts  for  canam  elements  such  at  arsen«.  the  noexe  meiais.  mercury,  selentum.  end  bten«um  requve  •  modified 
d^gcr  -ion  and  m  aU  caaea  the  method  wn(e-up  ahould  be  oonautted  lor  apeoK  mat/uctiona  gno'Of  cs<ti>o*^ 

NeM:  H  On  <*gMtlo«  pn>c«lin  for  •»«  ttprtloo  or  flfipMf  hfntot  «omic  t»otMK>K  incfc.1*)  m  on*  ot  lh»  citm  tpproy«l  .V*r*nc*«  •  (*"•«•«  own  ih*  otw.*  m*  EP* 

..  »««•  coos«v»«,  «»«n p.«  th«og« .  0  *5  o.«.on  n«-nb..n.  M-  ^ 

be  followed  Sample  diqesion  of  the  frftrate  for  drsaofved  metals,  or  digestion  of  the  ongmef  aempre  sotunon  lot  total  meiais  may  be  omit.eci  for  AA  «>  eci  espwaiion  or  gripn  n. 

ICP  analyses  provided  ^  sample  has  a  loe  COO  and  the  fMtrate  meaia  the  fonowmg  entene 

(a)  Is  visii^  transparent 

(b)  Has  no  perceptible  odor,  and 

(c)  is  free  ot  par^iata  or  suspended  matter  foiKAymq  acidrfication  ^  •  r. _ uu.*-.  .•  niimn  ai  Aoowndii  r  of  the  Part 

I  Th*  lull  Urt  ol  Moinod  200  7.  ■•|nducliy«l»  Coupl«l  Pi*tm»  Atomic  Eit»»Mn  SpAcWXTWtnc  M*it«0  loi  Tf*c*  Bivntn  An»iy«  ol  w«m  •nd  »*iit»»  n  *1  Apponoi.  t,  oi  « 

'*  .  Manual  (H^Wiaiion  a  not  mquaad  1  comoarabiity  data  on  rapmawiuov*  afiluani  aampiaa  ara  on  company  Ma  to  anow  irai  ma  p>aiimmary  dsniianon  tiap  •  noi  nocaaaa'y-  no-ava. 

Ni»"b«  379-75VIIE.  daiKl  FMyuaiy  19.  1978.  Tachn^on  AutoAnaVrar  «,  T«nm:on  induimai  Syaiama  Tanyip-"  N*.  rom 
’°*^’’cad>onaoaoua  Pwchwncal  ouygan  demand  (CBOn.)  mutt  not  ba  conhiaad  wan  Iha  aadrtonai  BOO, 

procedural  opiwn.  but  muai  ba  mciudad  lo  report  iha  CBOO,  paramaiar  A  dacn^  »t>oaa  ^ 

tor  reportin^ma  raauiia  Only  wfian  a  diactiargar  a  permd  jpecieaiiy  aiaiaa  CBOU  •  raqurrad  c»  me  pm^nea  tepon  data  '^'^"'"9  ,)J,ra  ^ 

•  Ama^n  National  Standard  on  Ptniogrt^hic  Procesamp  Eltluenia.  Apr  2.  1975  Avaaabia  l»om  ANSI,  too  Broadway.  N*w  York.  Nv  I00i6 

•  Thn  usa  ol  normal  and  diilarantial  pulsa  vottad*  rampa  to  mcraaa*  aanaitryiiy  and  raaoiuion  la  accaptabia  ,.a  .  ~  aninr 

•"Chamical  Orygan  Demand.  Matnod  8000.  Mach  Handbook  ol  Walar  Anaiyim.  1979.  Hach  Cnanucai  Company.  PO  Bo«  389.  Lovaiand.  Colorado  80537 

*•  COO  Method  Oceenoorep^  internetionel  Corporebon.  5t2  West  Loop.  P  O  Bos  2960.  Coitege  Sietion.  Teses  77640 

»•  The  bees  wrstion  method  will  be  used  lo  resofye  controversy  .  ^  ..bv. 

Nation&i  Councx  of  the  Paper  Industry  for  Ay  and  S»/eem  Imfyovement  Inc  Techmcei  Builebn  2S3.  December  1971  anti? 

••  Coooer  Boncrioninate  Method  MetNid  6506.  Hech  Hendboo*  of  Water  Anaiysia.  *979  Mach  CnenvcM  Corr^ny  PO  Bov  369  Livvoiaf>d  Colorado 

••  <ol21na  i^SSTasiiUatS,  ■  convto  th*  auioanaiyiar  mannoida  *i  EPA  Matnoda  335  03  (CvanuJai  or  420  2  »rf*' «>nn«:ung  tna  la-aamoM  ima  m-acay  to  ma 

aampiar  Whan  uong  ina  man, told  aaiup  anown  m  Method  335.  me  buiiar  8  2  ahouid  be  replaced  with  me  ^er  7  8  lound  .n  Memod  335  2 _  T.mnn-m  Naw  vow 

Hydrogen  ion  lpH|  Aulomaiad  fiacliode  Matnod.  mdualnai  Memod  Numpar  378-75WA.  Ociobar  1978,  Teennepn  Auio-Anahy*,  ii  Teenmeon  inousmai  Smama  Terryrown.  N*.  vow 


‘•Hydrogen  ion  (pH|  Aulomaiad  Eiacliod*  Matnod.  mduatnai  Mamod  Numoar  ora-rjwA.  uciooar  i./o,  imnnuu..  ..uiu-^w...-  - -  , —  •• 

Iron  l  lO-PhenenlhfOlm*  Malhod.  Malhod  8008.  1980.  H*ch  Chanycal  Company.  PO  8o«  389  LoeMa^  Cotorado  80537  i  Cnimaao  80537 

‘•nS^anasa  Panodaia  Ondation  Matnod.  Matnod  8034.  Hach  Handbook  oTwaaiawaiar  Anaiysrs  ty79  pagaa  2-113  and  2-ii7,  Mach  Chamicai  Company  loeiand,  Coioiaao  80537 

‘•Niitogan  Niima  Method  8507.  Mach  Chamicai  Company.  P  O  Boi  389.  Lo*aiand  Coioraoo  80537  _ .u  .  in..w.i.a.>aw,4  Bora  4  Chentat  Ai  o4H9'71 

•«  Gowto.  0  Brown.  E  .  Methoda  lor  Anaiyvs  ol  Organc  Subataocai  *>  Walai. "  U  S  Gecogicai  Su^  4?^n^  3^  4pi  j?8  -H’O 

"  RP  AddiSon  and  RQ  Ackman.  'Oiacl  Oaierrmnaiion  ol  Eiemamai  Pnoaphorut  by  Gat  oourd  Cnromatooraphy  joiAna,  cnromaiogracmy  8.'i«w 

••  Racomnmndad  meinoda  lot  Iha  anaiy«_  ot  aNar  m  '"duamv  «a.i*«i*m  V  concanmaiio.^  ol  1  ^  a  cS 


iMlwaa  s^S^mma^omylrJSd  cnionda  aia  laiahvoiy  maoiuoia  m  raa^tt  Mb  aa  nenc  ^  J3V2I!2;'(.^^l.VSr^'irNllS.’'a^’^"Na5rSM^^  iSlld  bTawTad’a?  ^ 

ol  12  Tharetora,  tor  levels  ol  sAvar  above  1  mg/L.  20  mL  ol  sempia  should  ba  dMad  lo  100  me  by  addmg  40  me  each  ol  I  U  NaiSiO,  and  .M  NaOi  Siandaroa  arwuid  b*  prapa  to  r,  mo 

tame  manoar  For  lavaia  ol  aivar  below  1  mg/L  Iha  raoommandad  malhod  a  aatial«ioiy  _  ,  c  c.wwv  Teriwwmeia  m  Waiiv  Rasooicaa 

'•  Siorans.  M  H .  Fcna.  J  F  ,  and  SmooC  G  F.,  "Walar  Tanaiaraiurainlluantiai  Faciota.  Fatd  Maatvamaot  and  Data  Prasaniaton,  U  S  Geological  Survey  TacnrwMOa  oi  watw  Masourcaa 

'^^^iHo^inSI' Memod'Sediod  8009.  Hacn  Handbook  ol  Walar  Anoiysa,  1979,  pagaa  2-Mi  end  2-333  Chomc*'  Conjwny  ^rta^^^aiW  80^  Acmoos  tor  m*  f.amriaiion 
••  Saiocied  Analytical  Memoda  Approved  and  Citad  by  Hie  Unned  Siatai  Enwonmanial  Protection  Agency,  Suppiamani  ip  m*  Fiheanih  Eo.W)n  oi  StonaorO  Uoiooot  tor  m*  f  .ammanon 

**?•  Tti'toPwecT^mo^*  that  c4ad  in  Sumont  Uemoda  lor  Iha  Eiananalton  ol  Wotor  and  Wasfewaiar  urn  Ertmon  The  c^i^mc  J?*  “.”1?.  °  «L®4ai>Ir 

acprovad  nMihrxls  ara  grvan  on  pp  576-81  ol  Iha  um  Edtooo  Method  5i0A  lor  tkawaiion,  Malhod  510B  lor  m*  manual  cowmainc  orocaour*  or  Method  5i0C  lor  me  manual 

’"“■^‘oRloir^iJ^r^nltrvA^  Manual.  Raatoual  Chlonna  Elecbode  Modal  97-70,  1977.  Onon  Raaaarch  Ineorporaiad  840  M«nonai  Onva.  Cambndg*.  Maasachusnna  02138 


B.7 


V  •  a-  ■“*».*  to  a  .  a  . 


Table  B3.  List  of  Approved  Test  Procedures  for  Non-Pesticide 

Organic  Compounds 


PvtnwMr ' 


EPA  Method  Number  « 


OC 


GC/MS 


Other 


'  1.  Acenephthene .  . 

>  2.  AcerMphthyt«n« 

>  3.  Acroteih . 

i  4.  Acrylonitr4e . 

5.  Anthracene . 

6.  Benter^e . 

7.  Benadme . 

B.  Benzo4a)enthrecene . 

9  Benzo(e)pyror)e . 

10  Ben2o<b)fluroanthene 

11  Benzo<ghi)peryler>e  ... 

12.  6enzo(K)fluoranthene 
13  Benzyl  CMonde . 


610 

610 

603 

603 

610 

602 


610 

610 

610 

610 

610 


62$.  162$ 
62$.  162$ 
*624,  1624 
•624.  1624 
62$.  162$ 
624.  1624 
•62$.  162$ 
62$.  162$ 
62$.  162$ 
62$.  162$ 
62$.  162$ 
62$.  162$ 


610 

610 


610 


605 

610 

610 

610 

610 

610 


Note  3.  p.  1^ 


Note  3.  p  130. 
Note  6.  p. 

swz 


Benzyl  Butyl  Phthalate . 

Bta(2-chtoroethoxy)  methane. 

Bie(2*chloroethyr)  ether . 

Bis(2'ethvlheryi}  phthaiaie  . 

Bromodichloromethane . 

^omoform  . 

Bromomethane . 

a-Bfomophenylphenyl  ether 
Cartwn  tetrachlonoe 
e^Chtoro-O-mothylpnenol 

Chiorober\zer>e  . 

Chioroethane 

2-ChloroethytVNiyl  ether  .... 

CNorOlorm  . 

CNoromethane 
2 -Chtoror^aphthalene 
2-CMOropherH)i 
4'Chiorcohenvtphenyi  ether 
Chrysene 

Oib^zota  hianthracene 
Oi0#omcxr»kifome»haoe 
1  2  OicMorooenzene 
1  3  CVhloroOenzene 
1.4  OchtoroOenzene 
3,3  -0»ch*oroOenztdine 
OrChtorod^KiOromeihane 
1.1  Ochtoroeihane 
12  OtcMoroethjne 

42  1.1-OcMoroethene 

43  aane  1  2  Oichtoroethene 

44  2  4  OchioropherKji 
4$  t  2  Ochiotooropene 

46  oe't.3  0cMoropropene 

47  vane- 1.3  Oichtorooropene 
46  Oethyi  phthaiaie 


606  I 

611  I 
611 
606 
601 
601 
601 
611 
601 
604 

601.  602 
601 
601 
601 
601 

612 
604 
611 
610 
610 
601 

601.  602.  612 
601.  602  612 
601.  602.  612 

601 

601 

601 

601 

601 

604 

601 

601 

601 

606 


625. 
62$. 
62$. 
625. 
624. 
624. 
624, 
62$. 
624. 
62$. 
624. 
624. 
624. 
624. 
624. 
62$. 
62$. 
62$. 
62$. 
62$. 
624. 
624.  62$. 
624.  62$. 
62$.  1624. 
62$. 


162$ 
162$ 
162$ 
162$ 
1624 
1624 
1624 
162$ 
1624 
162$ 
1624 
1624 
1624 
1624 
1624 
162$ 
162$ 
162$ 
162$ 
162$  I 
1624  L 

162$  I 

’62$  f 
162$  1 
1C2$ 


610 

610 


624,  1624 
624.  1624 
624.  1624 
624.  1624 
62$.  162$ 
624.  1624 
624.  1624 
624.  1624 
62$.  162$ 


60$ 


Noia  3.  p  130-. 
Note  3.  p  130. 

Note  3.  p  130: 


Table  B3.  (Continued) 


EPA  M«thoO  Number  ^  > 


49.  2.4-Oim«thylf>henol . 

50.  Oinwtfvyt  pfttftaMt  .u . 

51.  OMvbutyl  phthsialb . . . . 

52.  Oi-A-octyl  phthatcto . 

53.  2.4-Oinitroph«nol . . . . . . 

$4.  2.4-OtfMtrotOlubn4 . . 

55.  2.6>Oinitro(o<u«n« . . . . 

56.  EpicWoohydhn . . 


Ethytotnztnv . 

FKjoranth«n« . 

Ruorvob . 

HbsbcNorotMfiZbrw . 

HMchlorotKJtadwrw . 

HbxachlorocyclopbntAdierw  ■ . . 

H«xach(oro4thar« . 

*04no(1 .2.3<d)pyr«n4 . 

tsopboron* . . . 

Mbthylbnt  ChkxiOt . . 

2-M<tfiyl  i.eOinrtropbtnol . 

. . . 

NitrobarMMna 

2>NitrQphanol 

4-Nitropbanoi 

N-Nitrbsodvnathylanvna . 

N>NitroaoiJk>-propytarnna . 

N-NifroaodiprianylarrMna . 

2.2-oxybi8<1<NoroprO0«rN) .. 

PC8-1016 . 

PC8-1221 

PC8-1232 

K:8-1242 

PC6-1246 . 

PC8-1254 . 

PC8-t260 . 

PantachtofOphanoi 
Pbanarttfirana . 


GC 

GC/MS 

MPtC 

604 

625.  1625 

606 

625.  1625 

606 

625.  1625 

606 

625.  1625 

604 

625.  1625 

609 

625.  1625 

609 

625.  1625 

624  1624 

610 

625.  1625 

610 

610 

625.  1625 

610 

612 

625.  1625 

612 

625.  1625 

612 

•625.  1625 

812 

MS.  1825 

610 

625.  1625 

610 

609 

625.  1625 

601 

624.  1624 

604 

«2S.  1625 

610 

625.  1625 

609 

625.  1625 

604 

625  1625 

604 

625.  1625 

607 

625.  1625 

607 

•625.  1625 

607 

•625.  1625 

611 

625.  1625 

606 

626 

606 

625 

806 

626 

606 

625 

600 

625 

606 

625 

)6 

625 

0  4 

625.  1625 

610 

625.  1625 

610 

604 

625.  1625 

610 

625.  1625 
*613 

610 

601 

624.  1624 

1. 

601 

624.  1624 

602 

624.  1624 

612 

625.  1625 

601 

624.  1624 

601 

624.  1624 

601 

624.  1624 

601 

624 

604 

625.  1625 

601 

624.  1624 

Nota  3.  p  130. 
Not#  6.  p. 
$102 


Not#  3.  p  130; 


Not#  3.  p  43. 
Not#  3.  p  43. 
Nota  3  p  43. 
Noia  3.  p  43. 
Nota  3.  p  43. 
Nota  3.  p  43. 
Nota  3.  p  43. 
Nota  3.  p  140. 


Note  3.  p  130: 
Nota  3.  p  130; 


66.  fyarta . ' . .  $10  625.  1625  610 

67.  2.3.7.6.Tatrachlorod*tnioi>^to«n  .  ^6i3  i 

86  1. 1.2.2- TaPachtoroathana  -  -  ^  601  624.1624  Nota  3  p  130. 

89  Tafrachtoroathana .  -  ^  .  601  624.1624  '  Nota  3.  p  130. 

90  Tolwana . 602  624.  1624  . 

91.  1.2.4-Tnchtofobanzaoa  -  ^  .612  625,1625  .  Noia  3.  p  130: 

92.  I.I.I-TncMorpathana . 601  624.  1624  . 

93.  1.1.2-Tnchtoroamana  -  »  601  624.1624  Noia  3.  p  130; 

94.  TncMoroatfiana . 601  624.  1624 

95-  TncNorofKioromalhana . . . . . . .  601  624 

96  2.4.6-TncMorophano> . 604  625.  1625 

97.  Vioyl  Chlooda . - . . . . . . . . .  601  624.  1624 

TaMalCMotaa 

'AH  parametart  ara  axprassad  ai  rncrograma  par  Mar  (t*o/U 

*T?ia  text  <jt  MatboOt  601-613,  624.  625.  1624.  and  1625.  wa  ^rvan  at  Appandw  A.  "Taal  Procaduraa  tor  Anatyaia  ot  Organic  PolManta."  of  ti»t  Part  i36  Tha  standarcJiiad  last 
procadura  to  ba  oaad  to  datamvna  (ha  mathod  dataction  hmd  (MOD  lor  thiaaa  taat  procaduraa  •  orvan  at  Appandn  B.  "DatirMtion  and  Procadura  lor  ina  Detarmtnaiion  of  tna  Methoo  (Election 
Umrt."  ol  thfS  Part  136. 

*  "Methods  tor  Banztdina;  Chtortnalad  Organic  Compounds.  Pantachtorophanol  and  PastciOas  m  Watar  and  Wasta«vaic.r.’'  US  Enwonmaniei  Proiacnon  Agancy.  Saptambor.  i978 

*  Method  624  may  ba  axtarwjad  to  scraan  samptas  tor  Acrotam  and  Acrytonrtnta.  Hoaravar.  whan  thay  ara  krKjam  to  ba  prasant.  iha  pratarrad  maihod  tor  ir>asa  two  compounds  is  Mathod 
603  or  Mr^rhod  1624. 

*  Method  625  may  ba  aviandad  to  hwiuda  banuds^.  hanachtorocyctopantaduna.  N-ndroaodtumalhyamma.  and  N-nitrosodiphanviamirta  Howavar.  whan  thay  aia  hrwwn  to  ba  presant, 
Mathods  605.  607.  and  612.  or  Mathod  1625,  ara  prefarrad  mathods  (or  thasa  oompoundt. 

*  625.  Screening  or»(y 

•■'Seiectad  Ar'alyticat  Methods  Approved  and  Oted  by  tha  United  States  Crrvwonmant^  Protection  Agency."  Supptamant  to  tha  Fiheenth  Edition  oi  Stsndsni  Methods  for  the  Srerntnehon 
ot  Water  end  West9¥$»fer 

'Each  analyst  must  mska  an  ewbaJ.  ona-bma.  damonstrabon  of  thae  aWrty  to  ganarata  accapUbia  pracisioo  and  accuracy  with  Methods  eoi-6i3  624,  625,  1624,  tnd  i625  (See  Appencte 
A  of  tNs  Psrt  136)  in  accordance  with  procadt^as  each  m  saction  a  2  of  each  of  thasa  Methods  Additionally,  each  laboratory  on  an  on-gomg  bases  must  sp>ke  and  anat>7e  10%  (5X  (or 
Methods  624  and  625  and  100%  for  methods  1624.  snd  i625)  of  aN  samptes  to  monrtor  ^id  evaKiaie  laboraiory  data  quahty  m  accordifK#  with  sections  8  3  snd  8  4  of  these  Methods  When 
the  recovery  ol  any  paramatar  (aHs  outada  dia  warrimg  hmta,  tha  analytical  rasults  for  that  paramaiar  m  tha  unsptkad  sampfa  ara  suspect  sr^l  cannot  ba  reported  to  aemor\strate  raguisiory 
corrtpaanca. 

Nota.^These  warrar^  timiis  are  promulgatad  aa  an  "Mtartm  Anal  acbon  with  a  raquest  tor  commants.” 


^  W  Wj  WJ  VP.  wy.'  yj  yj  <r  j  w'vi  y  j  Tu  »  w  »  u  »  ■ 


Table  B4.  (Continued) 


"7'/' 


Ptramoar  fig/L) 

Method 

EPA»» 

Standard 
Method* 
I5tb  Ed 

ASTU 

GC/MS . 

*625 

GC . 

606 

509A 

03066 

GC/M$ . 

625 

12.  Ctpun . . . . . 

GC . > . 

509A 

13.  Caftaryl . . 

TLC . 

GC. 

15.  Chfordwto .  _ 

GC . 

606 

509A 

03066 

GC-MS . 

625 

TLC . 

17,  2.4-0 . . - . . . . . . . . . 

GC . 

S09B 

19.  4.4  -000 . . . . . . . - . 

GC. 

606 

509A 

03086 

GC-MS 

925 

10  4  A’~DDP 

GC . 

606 

S09A 

03066 

gc/ms . 

625 

20  4.4'-00T . . . - . . . . . 

GC . 

609 

509A 

03066 

GC/MS 

625 

GC .  . 

GC . 

GC . 

24.  Dvianto* . 

GC 

GC . . . . 

29.  Oichtortoi  . . . . . . . . . 

GC . . . . 

509A 

27.  Oicofof.  - . . . . . . . . . .  .. 

GC. 

. 

D3066 

26  HMInn 

GC. 

606 

509A 

GC/MS . 

625 

29  Oicuttiian . . . . . . . . 

GC 

GC . 

ai.Oiuron.  .  . . ...» . . . 

TLC  . . 

32.  EndoauHan  1  _  _  . . 

GC . . . 

606 

SOBA 

03066 

GC/MS 

*625 

33.  Endotoilfan  It . . . . 

GC . . 

606 

S09A 

03066 

GC/MS . 

*  625 

GC . . . 

606 

GC/MS . 

625 

GC . 

606 

509A 

D3066 

GC/MS . 

*625 

3A  Endrto  aktohyd* . . . . . . 

GC 

. 

GC/MS . 

625 

37.  Ethion . . . . . 

GC . 

TLC . 

39.  Panurork-TCA  .  _  . . 

TLC . -  .. 

40.  Haptachtor . 

GC . . 

606 

509A 

03086 

GC/MS . 

625 

GC . 

509A 

03066 

GC/MS  . 

625 

GC . 

43.  Unuron . . . . . . . . 

TLC . 

44.  UaiatbMsn  . . 

GC . 

509A 

TLC . 

GC . 

S09A 

03086 

TLC 

GC 

49  MOfATOn  . . 

TLC 

50  MonuforvT(^  . . . . 

TLC 

TLC 

52.  Paralbton  methyl  . _ . . 

GC 

509A 

GC . 

54.  PCNB . 

GC  .. .. 

509A 

GC . 

03066 

56.  Prometon . 

GC 

GC 

TLC 

TLC 

TtC 

62.  Siduron . 

TLC . 

83.  Simazin* . 

GC . 

GC 

509A 

65.  Swap . 

TLC 

66.  2.4, 5-T . 

GC 

67.  2.4.5-TP  (SAvwr)  . 

GC . 

509B 

GC 

GC 

509A 

D306A 

GC/MS  . 

625 

70.  Tnfluralin . 

GC . 

iC9A 

_ 

OBm 


Hol»  3.  p  7.  Not«  4,  p 


30 


Not*  3.  p  7 

Nor*  3.  p  94.  Not0  S.  p  S60. 
Not*  4.  p  30.  Not*  e.  p  S73 
Not*  3,  p  7. 


Not*  3.  p.  104.  Not*  A.  p  S64 
Note  3.  p.  115.  Not*  4.  p  35 
Not*  3.  p.  7.  Not*  4.  p  30. 


Not*  3.  p.  7,  Not*  4.  p  30. 


Not*  3.  p  7.  Not*  4.  p  30 


Not*  3.  p  25.  Not*  A.  p  SSI 
Not*  3.  p  25.  Not*  e.  p  S51 
Not*  3,  p.  25.  Not*  4.  p  30;  Not*  6.  p. 
S51. 

Not*  3.  p.  115 

Not*  4,  p.  30;  Not*  6.  p  S73. 

Not*  3.  p  7. 


Not*  3.  p.  7:  Not*  4.  p.  30 


Not*  4.  p  30;  Not*  6.  p.  S73 
Not*  3.  p.  .  Not*  A.  p.  551 
Not*  3.  p.  104.  Not*  A.  p  S64 
Not*  3.  p.  7. 


a 


Not*  3.  p.  7. 


Not*  3.  p.  7.  Not*  4.  p.  30 


a 


Not*  4.  p  30.  Not*  A.  p  S73 
Not*  3.  p  104.  Noi*  A.  p  SS4 
Not*  3.  p  104.  Not*  A.  p  S64 
Not*  3.  p.  7.  Not*  4.  p  30. 


tot*  3.  p.  7,  Not*  4.  p  30.  Not*  A.  p. 
S73. 


Not*  4.  p  30.  Not*  A  p  S73 
Not*  3.  p  104.  Not*  A.  p.  SA4 
Not*  3.  p  25.  Not*  4.  p  30.  Not*  A.  p. 
S5t 

Not*  3.  p  94.  Not*  A.  p  S60 
Not*  3,  p  7.  Not*  4.  p  30 
Not*  3.  p  94.  Not*  A.  p  S60 
Not*  3,  p  7. 

Not*  3.  P  104.  Not*  6.  p  SA4 
Not*  3.  p  104  Noi*  6.  p  S64 
Not*  3.  P  104.  Not*  A.  p  S64 
Not*  3.  P  25  Not*  4.  p  30 
Not*  3.  p  25 
Not*  3.  P  7 


Not*  3. 
Not*  3. 
Not*  3. 
Not*  3. 
Not*  3. 
Not*  3. 
Not*  3. 
Not*  3. 
Not*  3. 
Not*  3. 
Not*  3. 
Not*  3. 
Not*  3. 
Not*  3. 


p  A3  Not*  A.  p  S68 
p  A3.  Not*  6.  p  S6A 
p  A3.  Not*  A.  p  sea 
p  104.  Not*  6  p  S64 
p  94  Not*  A.  p  S60 
p  A3.  Not*  A.  p  S68 
p  104.  Not*  A.  p  S64 
A3.  Not*  A.  p  S6A 
7 

104  Not*  A.  p  S64 
Its  Not*  4.  p  35 
115 

A3  Not*  6  p  SCA 
7.  Not*  4.  p  30 
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Table  B5.  List  of  Approved  Radiological  Test  Procedures 


Pirtninr  and  unila 

Memodi 

EPA  > 

— - - - -  • 

Reference  <me(hod  hto.  or  page)  «  , 

Standard 
Methods 
15m  6d 

] 

ASTM  1  uses  • 

i  ■ 

-  •,-- -  - - 

900  0 

703 

Dm3-M  1  pp.  75  and  78.*  r 

2  Alpha  Couni^  error,  p*^  per  Mar . . 

Proporbonai  or  aonbliabon  counter  _ 

Appendix  B 

703 

oi°43.««  1  p  79  r 

900  0 

703 

01890-88  1  pp  75  and  78.r  1 

703 

01890-88  1  p.  79.  4 

9030  . 

705 

O2teo-ro  1 

(bt  ”*U.  0“  par  War  . 

Soraiabon  counter 

903.1 . 

700 

03454-79  1  p  81.  ^ 

TaM«  If  MotM 

'  •  Prwcnbtd  ProcvdurM  lor  Moasuram^nt  of  HaOoactMy  n  Onnking  Watar.’*  EPA‘400/4>M-032  (iMO  update).  U  S  g>^c<Wftta»  Prctacaon  Agertcy.  Auguai  1900 
* r«Aman.  MJ  and  Brown.  Eugene.  "Setecled  Moinode  ^  tPe  US  Geological  Survey  of  Ar^aiywa  of  Waaiewaiere,  '  US  Gao<OQ<ai  Survey.  Oo^-Fife  Report  70>tr7  (T976) 
*  The  method  found  on  p  75  meaauret  only  me  disaofved  portion  wrvie  me  method  on  p  76  measures  only  the  auspenoed  portion  Therefore  me  h»o  'esufu  must  be  added  to  oPtam  me 
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Table  B6.  Required  Containers,  Preservation  Techniques,  and  Holding  Times 


Maximum  hokkng  tima 


Ttfua  Bactarwi  Taals: 

1-4  CoMlonn.  and  total.. 

S  Facai  taaptocooci . . 

Tabto  IB— 4nargm  Taato: 

I  AadMy . . . 

2.  Mhamty . . . 


P.  Q . . . 

P.  G . 


..  Cool.  4‘C.  0006%  NatSiOi* 
. do . 


P.  O .  Cod.  4*C . 

P.G . do  . 

P.  G  Cod.  4*C.  HiSO.  to  pH<:2 

P.  G  Cod.  4*C . 

P.G  Nona  raquirod . 


15.  Cltorracd  oxygon  domand . . . . . . . - 

16  Chtonda . . . 

17  Otonna.  total  raaidual . . . - . 

21,  Color . . . 

23>24  Cyanxia.  total  and  amanabla  to  chtonnation . 
25.  Flutftoa . . . . . . . . 


28.  Hydogan  ton  (pM) . 

31.  43  KialdaN  and  organic  ratogan.. 


j  P.  G . . .  Cod.  4*c .  48  tKwr* 

jP.  Q  Cod.  4'C.  K,SCX  to  pH<2  .  28  day* 

P,  G .  Nona  raquxad  .  Oo 

P.  Q . do  .  :  Anafyra  immadaldy 

P.  G .  Cod.  4’C . . I  46  hour* 

P.G  Cod.  4*C.  NaOH  to  pH>i2.  0  6g  aacortMC  acto  *  :  u  days  * 

P . Nona  raqurad . !  28  days 

P.G .  HNO»  to  pM<2.  H,SO.  to  pH<2 . I  6  montos 

P.  G .  Nona  faquxad .  .  Anaiyra  immaChatety 

P.  G . . .  Cod.  4*c.  MiSO.  to  pH<2- . !  28  day* 


Cod.  4'C.  K,SCX  to  pH  <2  . 

Nona  raquxad  . 

..  do  . 

Cod.  4'C 

Cod.  4'C.  NaOH  to  pH>i2.  06g  aacortic  acto  * 


26  days 
Oo 

:  Anaryza  immadiataiy 
I  46  hours 
;  14  days  • 


16.  Ororman  VI _ _ _ _ - . . . 

35.  M«cury . . . . . . 

3.  5>6.  10.  12.  13.  19.  20.  2^  26,  29.  30.  32-^.  36.  37. 

60.  62.  63.  70>72.  74,  75.  Malaio,  ascapi  cfnrmjm  V>  i 
38.  Ni^ato . . . . . 

39  muaianaina. . - . . . .  _ 

40  Nama . . . . . . 

41.  04  and  graaaa . . . . «... 

42.  Orgarsc  cartton . . . . . . 

44.  Onhophoaphata _ _ _ 

46-  Oxyg^  Dwaol  ad  Proba . . . . . . 

47  Wmtoar . . . . . . . . . 

46.  PNanoia . . . . 

49  Atoaphorua  (aiamanUH . . . . . . . . 

50.  PhoapitoruB.  totol . . . . . . . 

53.  Raadua.  total... . . . . . 

54.  Raadto.  Fatarada  . . . . . . . . 

56  Raaidua.  NurillHaiada  (TSSI . . . 

56.  Raatoua.  SatPadHa _ _ _ _ _ _ _ _ 

57.  Raatoua.  solatia . . . . . . . 

61  S*ca...v . . . . . . . 

64  Spaorfc  oonductanoa . . . . . 

66.  Sdiaia . . . . . . . . . 

66.  SdMa . . . . . . . . 

67  SdMa . . . . . . . 

66  Sxxfactanta....«y . . . . . 

66.  Tamparaiura . . . . . . . . . . . 

73.  TwOxMy . . . . . . . . . . . 

Tabla  C— Orgm  Taato.« 

13,  16-20.  22.  24.26.  34-37.  39-43.  45-47.  56.  66. 
Pwgaada  Hatocarttona. 

6.  57.  90.  Purgaabla  aromaac  hydrocaftona . . . 

3.  4.  >todato  and  acrytorataa . . . 

23.  30.  44.  46.  53.  67.  70.  71,  63.  65.  96.  Pftonola  '  • . 


. .  P.  G .  Cod.  4‘C . 

. .  P.  G .  HNO*  to  pM<2  .. 

45.  47.  51.  52.  56-  P.G . do . 

and  maroxy 


G  BoRla  and  top .  Nona  raqmrad  . 


Cod.  4*C . 

Cod.  4‘C  H,sa  too«<2 . 

Cod.  4*c . 

Cod.  4*C.  H,SO.  to  pH<2  . 

Cod.  4‘C.  HCI  or  H,SO.  to  pH<2 
Filtar  XTwnadtoMly.  Cod.  4*C . 


Fix  on  sita  and  siora  w\  dark . . . . . 

Cod.  4‘C  lUSO.  to  pM  <  2  . 

Cod.  4‘C . 

Cod.  4‘C.  ».sa  topM<:2 . 

Cod.  4*C . 

....  do 

. do 

...  do 
..  do 
....  (to 
...  do 
. do 

Cod.  4'C  add  one  acaiata  piua  sodtom  hyorouda  to 
pH>9 

Nona  raqurtd . 

Cod.  4‘C  ... 

Nona  raquvad 
Cod.  4'C.... 


I  24  hours. 

.!  26  days 

;  8  months. 

I  48  hours 
.  I  28  days 
j  48  hours 
,  26  days 
Do 

.  48  hours. 

...1  Analyza  immedtataly 
...|  8  hours. 

<  26  days 

.  .  .!  48  NXXS 

...i  28  days. 

...!  7  days 
'  48  hours. 

.  ,|  7  days 
48  hotxs. 

7  days 
28  days. 

Do. 

Do 

I  7  days 


Anaiyzs  mwnadiatdy 
48  hours 
Analyrs 
48  hours. 


66.  69.  92-95.  97  G.  TamorMinad  saptum .  Cod.  4*C.  0  006%  Na,S.O»  • 


.  . do .  Cod.  4'C.  0  006%  NfcSiOi*.  MCI  to  pH2* 

•I  . do .  Cod.  4*C.  0  006%  Na.S*0»*.  Adjuai  p«  to  4-5 

i  Q.  Taflorvtnad  cv .  Cod.  4*C.  0  006%  Na,S,0.*  . . . 


7.  36.  Bano^iaa** . . . . . . . . .  do 

14.  17,  46.  50-5^  PWidaia  aatars'* . . . . . . do 


Cod.  4'C  . 


72-74.  Nrtrosammaa'*''* . . . 1 

76-82.  PCBs"  acryiorwSa . 1 

54.  55.  65.  69.  NitroaromaSca  and  laophorona** . j 

I.  ^  5.  6-12.  32.  33.  56.  59.  64.  60.  64.  66.  P(Mynudaar  vomaSc  \ 
hydrocarbona.".  I 

ia  n*  'll  ' 


do .  Cod.  4*C.  st(xa  r  dark.  0  006%  N^S«Ok* 

do  .  Cod.  4'C  .  . 

-do . . .  Cod.  4'C.  0  006%  N^O»»  siora  m  dark  . 

do . do . 


.1  Oo 

I  Do 

i  7  days  unW  axtracborv 
40  days  attar 
•xtraction 

..'  7  days  ur^TS  attraction 
.1  7  days  unsi  axtracsorv 
I  40  days  attar 
I  axtraciion 
!  Do 

Do 

I  Do 

Oo 


15.  16.  21.  31.  75.  Matoathars*' . - . . 

29.  35-37.  60-4>3.  91.  CNorinatad  fiydrocarbona 

67  TCtX" . . . «... 

Tada  10— Paatiodaa  Taata: 

1-70  Paadodaa" . . — . . 

Tabla  tE— Ra(Sdo9cal  Taats 

1-6  Aipna,  bata  and  radium _ _ _ _ _ 


.  do  . . .  Cod.  4‘C.  0  006%  NkSiO»» . 

...  .do . . .  Cod.  4’C  . 

. do . . . . .  .  Cod.  4'C.  0  006%  Na,SiOfcV 

. 60 . . .  Cod.  4*C.  pM  5-9  “ . 


P.G  . . . .  MN<\topM<2.. 


Api^licablt  or  fttlooofit 

RoquirMonts  Ocbor  Critoria,  iUviaorioa,  and  Oiidancc 


(continued) 


APPENDIX  C.  (Concluded) 


APPENDIX  D:  DESIGN  AND  CONSTRUCTION  OF  A  TYPICAL  CONFINED  DISPOSAL  FACILITY 


This  appendix  presents  guidelines  for  designing  an  upland  confined  dis¬ 
posal  facility  for  suspended  solids  retention.  The  focus  In  this  section  Is 
on  fine-grained  dredged  material.  Guidelines  presented  here  will  provide  the 
necessary  guidance  for  designing  a  containment  area  for  adequate  area  and  vol¬ 
ume  for  (a)  retaining  the  solids  within  the  containment  area  through  settling 
and  (b)  providing  storage  capacity  of  dredged  solids  for  a  particular  continu¬ 
ous  dredged  material  disposal  activity.  The  major  objective  Is  to  provide 
solids  removal  by  the  process  of  gravity  settling  to  a  level  that  permits  dis¬ 
charge  of  the  transporting  water  from  the  area.  Although  ponding  le  not  feas¬ 
ible  over  the  entire  surface  area  of  many  sites,  an  adequate  ponding  depth 
must  be  maintained  over  the  design  surface  area  as  determined  by  these  design 
procedures  to  ensure  adequate  retention  of  solids.  Guidance  Is  also  presented 
In  this  appendix  for  design  of  weirs  for  release  of  ponded  water.  The  labora¬ 
tory  tests  referred  to  In  this  appendix  were  presented  In  Appendix  A. 

The  generalized  flowchart  shown  In  Fig.  D.l  Illustrates  the  design 
proceuures  presented  In  the  following  paragraphs.  The  design  procedures  were 
adapted  from  procedures  used  In  water  and  wastewater  treatment  and  are  based 
on  field  and  laboratory  Investigations  on  sediments  and  dredged  material  at 
several  active  dredged  material  containment  areas. 

The  design  procedures  presented  here  are  for  gravity  settling  of  dredged 
solids.  However,  the  process  of  gravity  sedimentation  will  not  completely 
remove  the  suspended  solids  from  the  containment  area  effluent  since  wind  and 
other  factors  can  resuspend  solids  and  Increase  effluent  solids  concentration. 
The  settling  process,  with  proper  design  and  operation,  will  normally  provide 
removal  of  fine-grained  freshwater  dredged  material  down  to  a  level  of  1  to 
2  g/ £  or  lower  In  the  effluent.  The  settling  process  will  usually  provide 
removal  of  fine-grained  saltwater  dredged  material  down  to  a  level  of  several 
hundred  mg/ £  or  lower.  If  the  required  effluent  standard  Is  not  met  by  grav¬ 
ity  settling,  the  designer  must  provide  for  additional  treatment  of  the  efflu¬ 
ent,  e.g.,  flocculation  or  filtration. 


Disposal  Facility  Design  for  Suspended  Solids  Retention 

Data  Requirements 

The  data  required  to  use  the  design  guidelines  are  obtained  from  field 
Investigations,  laboratory  testing,  project-specific  operational  constraints, 
and  past  experience  In  dredging  and  disposal  activities.  The  types  of  data 
required  are  described  In  the  following  paragraphs. 

In  situ  sediment  volume 

The  Initial  step  In  any  dredging  activity  is  to  estimate  the  In  situ 
volume  of  sediment  to  be  dredged.  Sediment  quantities  are  usually  determined 
from  channel  surveys  on  a  routine  basis  by  Corps  district  personnel. 

Physical  characteristics  of  sediment 

Field  sampling  and  sediment  characterization  should  be  accomplished 
according  to  the  laboratory  tests.  Adequate  sample  coverage  Is  required  to 
provide  representative  samples  of  the  sediment.  Also  required  Is  the  In  situ 
water  content  of  the  fine-grained  maintenance  dredged  sediment.  Care  must  be 
taken  In  sampling  to  ensure  that  the  water  contents  are  representative  of  the 
In  situ  conditions.  Water  contents  of  representative  samples,  w,  are  used  to 
determine  the  in  situ  void  ratios  e^^  as  follows: 


where 

e^  =  in  situ  void  ratio  of  sediment 
w  =  water  content  of  the  sample,  percent 
•*  specific  gravity  of  sediment  solids 
Sp  =  degree  of  saturation,  percent  (equal  to  100  percent  for  sediment) 


A  representative  value  from  In  situ  void  ratios  Is  used  later  to  estimate 
volume  for  the  containment  area.  Grain-size  analyses  are  used  to  estimate  the 
quantities  of  coarse-  and  fine-grained  material  in  the  sediment  to  be  dredged. 
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Proposed  dredglnR  and  disposal  data 

The  designer  must  obtain  and  analyze  data  concerning  the  dredged  mate¬ 
rial  disposal  rate.  For  hydraulic  pipeline  dredges,  the  type  and  size  of 
dredge (s)  to  be  used,  average  distance  to  containment  area  from  dredging 
activity,  depth  of  dredging,  and  average  solids  concentration  of  dredged  mate¬ 
rial  when  discharged  into  the  containment  area  must  be  considered.  If  the 
size  of  the  dredge  to  be  used  Is  not  known,  the  largest  dredge  size  that  might 
be  expected  to  perform  the  dredging  should  be  assumed.  The  time  required  for 
the  dredging  can  be  estimated  based  on  past  experience.  If  no  data  on  past 
experience  are  available.  Fig.  D.2,  which  shows  the  relationship  among  solids 
output,  dredge  size,  and  pipeline  length  for  various  dredging  depths,  should 
be  used.  It  was  developed  from  data  provided  for  Ellicott  dredges  (Turner 
1977).  For  hopper  dredges,  an  equivalent  disposal  rate  must  be  estimated 
based  on  hopper  or  barge  pump-out  rate  and  travel  time  Involved.  Based  on 
these  data,  the  designer  must  estimate  or  determine  containment  area  influent 
rate.  Influent  suspended  solids  concentration,  effluent  rate  (for  weir 
sizing),  effluent  concentration  allowed,  and  time  required  to  complete  the 
disposal  activity.  For  hydraulic  pipeline  dredges,  if  no  other  data  are 
available,  an  Influent  suspended  solids  concentration  of  150  g/i  (14  percent 
by  weight)  should  be  used  for  design  purposes.  This  value  Is  based  on  a  num¬ 
ber  of  field  Investigations  performed  during  the  DMRP  (Montgomery  1978), 

Laboratory  settling  test  data 

Depending  on  the  results  of  the  sedimentation  tests,  the  dredged  mate¬ 
rial  will  either  settle  by  zone  processes  (common  for  saltwater  sediment)  or 
flocculent  processes  (common  for  freshwater  sediment) .  Regardless  of  the 
salinity,  flocculent  processes  govern  the  concentration  of  solids  in  the 
effluent. 

Selection  of  Ponding  Depth 

Before  a  disposal  site  can  be  designed  for  effective  settling  or  before 

the  required  disposal  area  geometry  can  be  finalized,  a  ponding  depth  H  , 

pd 

during  disposal  must  be  assumed.  The  design  procedures  In  the  following  para¬ 
graphs  call  for  a  ponding  depth  In  estimating  detention  time,  necessary  for 
effective  settling.  A  minimum  ponding  depth  of  2  ft  should  be  used  In  the 
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estimates.  If  conditions  will  allow  for  greater  ponding  depths  throughout  the 
operation,  the  greater  value  can  be  used.  For  most  cases,  the  ponding  depth 
can  be  maintained  at  a  constant  depth  by  raising  the  pond  as  settled  material 
accumulates  in  the  site.  In  some  cases  it  may  be  desirable  to  begin  opera¬ 
tions  with  the  maximum  ponding  possible.  The  disposal  site  should  be  designed 
in  this  case  such  that  the  ponding  depth  in  the  last  stages  of  the  disposal 
operation  (as  the  site  is  filled)  is  adequate  to  maintain  effective  settling. 


Calculation  of  Volume  for  Initial  Storage 


Containment  areas  must  be  designed  to  meet  volume  requirements  for  a 
particular  disposal  activity.  The  total  volume  required  of  a  containment  area 
Includes  volume  for  storage  of  dredged  material,  volume  for  sedimentation 
(ponding  depths),  and  freeboard  volume  (volume  above  water  surface).  Volume 
required  for  storage  of  the  coarse-grained  (>No.  40  sieve)  material  must  be 
determined  separately  as  this  material  behaves  Independently  of  the  fine¬ 
grained  (<No.  40  sieve)  material. 


Calculation  of  design  concentration 


The  design  concentration  C^  is  defined  as  the  average  concentration  of 


the  dredged  material  In  the  containment  area  at  the  end  of  the  disposal  activ¬ 
ity  and  is  estimated  from  the  compression  (15-day)  settling  tests.  This 
design  parameter  is  required  both  for  estimating  Initial  storage  requirements 
and  in  determining  minimum  required  surface  areas  for  effective  zone  settling. 
The  following  steps  can  be  used  to  estimate  average  containment  area  concen¬ 
trations  from  the  compression  settling  test. 


(a)  Compute  concentration  versus  time  for  the  compression  set¬ 


tling  test.  Assume  zero  solids  in  the  water  above  the  solids  Interface  to 


simplify  calculations.  The  following  equation  can  be  used  to  calculate  con¬ 
centrations  for  various  interface  heights: 


(D-1) 


where 


slurry  concentration  at  time  t,  g/£ 
initial  slurry  concentration,  g/£ 
initial  slurry  height,  ft 
height  of  Interface  at  time  t. 

(b)  Plot  concentration  versus  time  on  log-log  paper  as  shown  in 


Fig.  D.3. 


(c)  Draw  a  straight  line  through  the  data  points.  This  line 
should  be  drawn  through  the  points  representing  the  compression  settling  or 
consolidation  zone. 

(d)  Estimate  the  time  of  dredging  by  dividing  the  dredge  produc¬ 
tion  rate  into  the  volume  of  sediment  to  be  dredged.  Use  Fig.  D.2  for 
estimating  the  dredge  production  rate  if  no  specific  data  are  available  from 
past  dredging  activities.  (Note  that  curves  in  Fig.  D.2  were  developed  for 
sand.)  Total  time  required  for  dredging  should  consider  anticipated  down 
time. 

(e)  Enter  the  concentration  versus  time  plot  as  shown  in 
Fig.  D.3  and  determine  the  concentration  at  a  time  t  equal  to  one  half  the 
time  required  for  the  disposal  activity  determined  in  step  (d) . 


(f)  The  value  computed  in  step  (e)  is  the  design  solids  concen¬ 


tration  C,. 

d 


Volume  Estimation 

The  volume  computed  in  the  following  steps  is  the  volume  occupied  by 
dredged  material  in  the  containment  area  after  the  completion  of  a  particular 
disposal  activity.  The  volume  is  not  an  estimate  of  the  long-term  needs  for 
multiple-disposal  activities.  The  procedures  given  below  can  be  used  to 
design  for  the  initial  volume  required  for  one  disposal  activity.  The  design 
for  initial  storage  may  be  a  controlling  factor  regardless  of  the  settling 
behavior  exhibited  by  the  material.  If  the  material  initially  exhibits 
compression  settling  at  the  expected  Inflow  concentration,  the  design  for 


LOG  OF  TIME,  T 


Figure  D.3.  Conceptual  time  versus  concentration  plot 


initial  storage  is  the  only  consideration  (this  is  expected  to  be  an  excep¬ 
tional  case). 

Compute  the  average  void  ratio  of  the  fine-grained  dredged  material  in 
the  containment  area  at  the  completion  of  the  dredging  operation  using  the 
design  concentration  Cd  determined  earlier  as  the  dry  density  of  solids.  Use 
the  following  equation  to  determine  the  void  ratio: 


G  Y 

8  W 


-  1 


(D-2 


where 


e  =  average  void  ratio  of  the  dredged  material  in  the  containment  area 
o 

at  the  completion  of  the  dredging  operation 
=  density  of  water,  g/Jl  (normally  1000  g/ f ) . 

Yj  *  dry  density  of  solids,  g/f  (y,  “  C,  as  determined) 

G  GO 

Compute  the  volume  of  the  fine-grained  channel  sediments  after  disposal 
in  the  containment  area: 


where 


V 


f 


V 

i 


f 


e  -  e 

V  -  +  1 

i  1  +  e 


volume  of  the  fine-grained  channel  sediment  after 

3 

disposal  in  the  containment  area,  ft 

average  void  ratio  of  the  in  situ  channel  sediment 

3 

volume  of  the  fine-grained  channel  sediment,  ft 


(D-3 


Compute  the  volume  required  to  store  the  dredged  material  In  the  con¬ 
tainment  area 

V  -  Vf  +  (D-4) 

where 

V  =  volume  of  the  dredged  material  In  the  containment  area  at  the  end 
of  the  dredging  operation,  ft^ 

.3 


»  volume  of  sand  (compute  using  1:1  ratio),  ft" 


If  these  limitations  on  the  surface  area  available  for  disposal  or  an  existing 
disposal  site  Is  being  evaluated,  check  to  determine  If  the  site  conditions 
will  allow  for  Initial  storage  of  the  volume  to  be  dredged.  First  determine 
the  maximum  height  at  which  the  material  can  be  placed  using  the  following 
equation: 


where 


”dm(max^  '  °  "  ”pd  ~  ’^fb 


(D-4b) 


D  =  maximum  allowable  dike  height  due  to  foundation  conditions,  ft 
=  ponding  depth,  ft 

=■  freeboard  (minimum  of  2  ft  can  be  assumed) 


Compute  the  minimum  surface  area  that  could  be  used  to  store  the  material: 

V 


Ad 


(min)  Hd 


(D-4c) 


m  (max) 

If  is  less  than  the  available  surface  area,  then  adequate  volumetric 

storage  Is  available  at  the  site. 


Calculation  of  Minimum  Surface  Area  for  Effective  Zone  Settling 

If  the  sediment  slurry  exhibited  zone  settling  behavior  at  the  expected 
inflow  concentration,  the  zone  settling  test  results  are  used  to  calculate  a 
minimum  required  ponded  surface  area  in  the  containment  for  effective  zone 
settling  to  occur.  The  method  is  generally  applicable  to  dredged  material 
from  a  saltwater  environment,  but  the  method  can  also  be  used  for  freshwater 
dredged  material  if  the  laboratory  settling  tests  indicate  that  zone  settling 
properties  govern  In  the  initial  settling  process.  Additional  calculations 
using  flocculent  settling  data  for  the  solids  remaining  In  the  ponded 


“’Sr? 

nI* 


supernatant  water  are  required  for  designing  the  containment  area  to  meet  a 
specific  effluent  quality  standard  for  suspended  solids. 

Analyze  laboratory  data 

A  series  of  zone  settling  tests  must  be  conducted.  The  results  of  the 
settling  tests  are  correlated  to  determine  zone  settling  velocities  at  the 
various  suspended  solids  concentrations.  The  procedure  is  as  follows: 

(a)  Develop  a  settling  curve  for  each  test. 


(b) 


Calculate  the  zone  settling  velocity  v^  as  the  slope  of 


the  constant  settling  zone  (straight-line  portion  of  curve).  The  velocity 
should  be  expressed  in  feet  per  hour. 


(c)  Plot  the  V  versus  suspended  solids  concentration  on  a 

s 

semilog  plot.  These  points  should  form  a  straight  line.  Outliers  of  higher 
concentrations  are  indications  of  compression  settling  behavior  and  should  not 
be  Included  in  developing  the  plot. 

(d)  Use  the  plot  developed  in  (c)  to  develop  a  solids  loading 

versus  solids  concentration  curve  as  shown  in  Fig.  D.4.  The  solids  loading 

curve  should  be  constructed  to  a  concentration  value  along  the  abclssa  equal 

to  C  . 
d 

Compute  area  required  for  zone  settling 

The  minimum  surface  area  determined  according  to  the  following  steps 
should  provide  removal  of  fine-grained  sediment  such  that  suspended  solids 
levels  in  the  effluent  do  not  exceed  several  hundred  milligrams  per  liter. 

The  area  is  required  for  the  zone  settling  process  to  concentrate  the  dredged 
material  to  the  design  concentration.  The  area  is  computed  as  follows: 

(a)  Compute  S,.  .  =  C.V  where  V  is  taken  as  the  zone  set- 

d(max)  is  s 

tling  velocity  at  C^  from  the  settling  velocity  versus  concentration  curve. 

(b)  Use  the  design  concentration  and  construct  an  operating  line 
from  the  design  solids  concentration  tangent  to  the  loading  curve  as  shown  In 
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SOLIDS  CONCENTRATION  C,  LB/FT' 

Figure  D.4.  Conceptual  solida  loading  curve  for  dredged  material 


SLURRY  CONCENTRATION,  C 

Figure  D.5.  Solids  loading  curve  showing  design  line 


Fig.  D.5.  The  design  loading  Is  obtained  on  the  y-axls  as  S^.  If  no  tangent 
can  be  graphically  constructed  due  to  the  value  of  and  the  shape  of  the 
solids  loading  curve,  zone  settling  will  not  be  a  controlling  factor  and  ■= 

^d(nax) * 

(c)  Compute  area  requirements  as 


A  - 


Vi 


(D-5) 


where 

A  -  containment  surface  area  requirement,  ft^ 

Q,  “  influent  rate,  ft*/hr  (Q.  ■  A  V,;  assume  V,  *  15  fps  in  absence  of 

1  1  p  d  u 

data  and  convert  calculated  in  cfs  to  ft®/hr) 

A  ■  cross-sectional  area  of  dredge  pipeline,  ft* 

P 

V.  -  velocity  of  discharge  from  dredge  pipe,  ft /sec 
a 

-  Influent  solids  concentration,  Ib/ft*  (assume  150  g/£  or  94  Ib/ft^ 
if  no  data  are  available) 

Sj  ■  design  solids  loading,  Ib/hr-ft* 

(d)  Multiply  the  area  by  a  hydraulic  efficiency  factor  HEF  to 
compensate  for  containment  area  inefficiencies 


(HEF)  A 


(D-6) 


where 


d 

A 


design  basin  surface  area,  ft* 
area  determined  from  Equation  D-5,  ft* 

HEF  ■  hydraulic  efficiency  factor  (determined  as  described  later  In  this 
appendix) 


Calculation  of  Required  Retention  for  Flocculent  Settling 

Sediments  dredged  from  a  freshwater  environment  normally  exhibit  floccu¬ 
lent  settling  properties.  However,  In  some  cases,  the  concentration  of 
dredged  material  slurry  Is  sufficiently  high  that  zone  settling  will  occur. 

The  method  of  settling  can  be  determined  from  the  laboratory  tests. 


Sediments  in  a  dredged  material  containment  area  are  comprised  of  a 
broad  range  of  particle  floe  sizes  and  surface  characteristics.  In  the  con¬ 
tainment  area,  larger  particle  floes  settle  at  faster  rates,  thus  overtaking 
finer  floes  in  their  descent.  This  contact  Increases  the  floe  sizes  and 
enhances  settling  rates.  The  greater  the  ponding  depth  in  the  containment 
area,  the  greater  is  the  opportunity  for  contact  among  sediment  and  floes. 
Therefore,  sedimentation  of  freshwater  dredged  sediment  is  dependent  on  the 
ponding  depth  as  well  as  the  properties  of  the  particles. 

The  design  steps  to  determine  the  required  retention  time  for  a  desired 
effluent  quality  are  as  follows: 

(a)  Calculate  the  removal  percentage  at  various  depths  for 
various  times  using  the  concentration  profile  plot.  As  an  example,  the 
removal  percentage  for  depth  d^  and  time  t^  is  computed  as  follows: 

'  -  <“>»>  -  o°:  i:  a:  l:  r  »»<» 

where  R  is  the  removal  percentage.  Determine  these  areas  by  either  planl- 
meterlng  the  plot  or  by  direct  graphical  measurements  and  calculations.  This 
approach  is  used  to  calculate  removal  percentages  for  each  depth  as  a  function 
of  time.  The  depths  used  should  cover  Che  range  of  ponding  depths  expected  in 
the  containment  area.  This  report  recommends  a  minimum  of  2  ft  of  ponding 
depth. 

(b)  Plot  the  solids  removal  percentages  versus  time  for  various 
ponding  depths  (withdrawal  depths)  as  shown  in  Fig.  D.6. 

(c)  Mean  detention  times  can  be  selected  from  Fig.  D.6  for 

various  solids  removal  percentages.  Select  the  detention  time  T,  that  gives 

a 

the  desired  removal  percentage  for  the  design  ponding  depth. 


*  These  numbers  indicate  the  area  boundaries  for  the  total  area  down  to  depth 

d  and  the  area  to  the  right  of  the  line  for  t_. 
z  Z 


SOLIDS  REMOVAL  PERCENTAGE.  R 


Figure  D.6.  Conceptual  plot  of  solids  removal  versus  time  for  slurries 

exhibiting  flocculent  settling 

(d)  The  mean  detention  time  should  be  Increased  by  an 
appropriate  hydraulic  efficiency  factor  HEF  to  compensate  for  the  fact  that 
containment  areas,  because  of  Inefficiencies,  have  field  mean  detention  times 
less  than  theoretical  (volumetric)  detention  times.  The  volumetric  or 
theoretical  detention  time  Is  estimated  as  follows; 

T  »  HEF  T^  (D-8) 

a 

where  T  Is  the  volumetric  or  theoretical  detention  time. 

(e)  Note  that  for  the  case  of  flocculent  settling  of  the  entire 
slurry  mass,  the  solids  will  be  removed  by  gravity  sedimentation  to  a  level  of 
1  to  2  g/£.  For  this  case,  the  selection  of  a  required  retention  time  for  a 
percentage  removal  Is  more  convenient.  For  the  case  of  flocculent  settling  in 
the  supernatant  water  where  the  slurry  mass  Is  undergoing  zone  settling, 
selection  of  a  required  retention  time  for  an  effluent  suspended  solids  stan¬ 
dard  Is  more  appropriate. 

Calculation  of  Required  Retention  Time  for  Flocculent  Settling  In  Supernatant 
Water. 

For  slurries  exhibiting  zone  settling,  flocculent  settling  behavior 
governs  In  the  supernatant  water  above  the  Interface.  Therefore,  a  flocculent 
data  analyses  procedure  as  outlined  in  the  following  paragraphs  is  required. 
The  steps  In  the  data  analyses  are  as  follows: 

(a)  Use  the  concentration  profile  diagram  to  graphically  deter¬ 
mine  percentages  removed  R  for  the  various  time  Intervals  for  various  ponding 


depths.  This  Is  done  hy  graphically  determining  the  areas  to  the  right  of 

each  concentration  profile  and  its  ratio  to  the  total  area  above  the  depth  as 

described  for  the  case  of  flocculent  settling  above. 

R  -  Area  right  of  E.roflle 
Area  total 


(b)  Compute  the  percentage  remaining  P  as  follows: 


100  -  R 


(D-10) 


(c)  Compute  values  for  the  average  suspended  solids  concentra¬ 
tion  in  the  supernatant  at  each  time  of  extraction  SS^  as  follows: 


SS. 


SS 

t  o 


(D-11) 


where  SS^  is  the  initial  suspended  solids  concentration. 


(d)  Tabulate  the  data  and  plot  a  relationship  for  suspended 
solids  concentration  versus  time  using  the  value  for  each  time  of  extraction 
as  shown  in  Fig.  D.7.  An  exponential  curve  fitted  through  the  data  points  is 
recommended. 


Figure  D.7.  Conceptual  plot  of  supernatant  suspended  solids  concentration 

versus  time  from  column  settling  test 

(e)  By  repeating  steps  (3)  through  (5),  a  family  of  curves 
showing  suspended  solids  versus  retention  time  for  each  of  several  ponding 
depths  may  be  developed.  These  curves  may  be  used  to  determine  the  required 
detention  time  to  meet  a  standard  for  effluent  suspended  solids  concentrations 

D.16 


under  good  seti  conditions  for  a  given  estimated  ponding  depth.  Simply 

use  the  curve  the  estimated  field  mean  retention  time  T.  and  select  the 

a 

value  of  suspended  solids  as  predicted  by  the  column  test  Che 

desired  ponding  depth.  Guidance  for  adjusting  the  value  derived  from  the 
column  test  for  anticipated  resuspension  and  for  estimated  field  mean  reten¬ 
tion  time  is  given  in  the  following  paragraphs. 


Determination  of  Retention  Time  to  Meet  an  Effluent  Suspended  Solids 


Concentration 


The  relationship  of  supernatant  suspended  solids  versus  time  developed 
from  the  column  settling  test  is  based  on  quiescent  settling  conditions  found 
in  the  laboratory.  The  anticipated  retention  time  in  an  existing  disposal 
area  under  consideration  can  be  used  to  determine  a  predicted  suspended  solids 
concentration  from  the  relationship.  This  predicted  value  can  be  considered  a 
minimum  value  that  could  be  achieved  In  the  field  assuming  little  or  no 
resuspension  of  settled  material.  The  relationship  In  Fig.  D.6  can  also  be 


used  to  determine  the  required  retention  time  to  meet  a  standard  for  effluent 
suspended  solids.  However,  an  adjustment  for  anticipated  resuspension  Is 
appropriate  for  dredged  material  exhibiting  zone  settling.  The  minimum 
expected  value  and  the  value  adjusted  for  resuspension  would  provide  a  range 
of  anticipated  suspended  solids  concentrations  In  the  effluent.  The  following 
procedure  should  be  used: 

(a)  The  standard  for  effluent  suspended  solids  considers 

anticipated  resuspension  under  field  conditions.  A  corresponding  con¬ 
centration  under  quiescent  laboratory  conditions  Is  calculated  as: 


(D-12) 


where 


suspended  solids  concentration  of  effluent  considering 
anticipated  resuspension,  mg  suspended  solids/ of  water 


suspended  solids  concentration  of  effluent  as  estimated 
from  column  settling  tests,  mg  suspended  solids/ t  of  water 


RF  -  resuspenslon  factor  selected  from  Table  D.l 


Table  D.l 

Recommended  Resuspenslon  Factors  for  the  Zone  Settling  Case 
for  Various  Ponded  Areas  and  Depths  (After  Palermo  1985) 


Anticipated  Ponded  Area 
less  than  100  acres 
greater  than  100  acres 


Anticipated  Average  Ponded  Depth 


less  than  2  feet 
2.0 
2.5 


2  feet  or  greater 
1.5 
2.0 


For  dredged  material  slurries  exhibiting  flocculent  settling  behavior,  the 
concentration  of  particles  in  the  ponded  water  is  1  g/£  or  higher.  The  resus¬ 
penslon  resulting  from  normal  wind  conditions  will  not  significantly  Increase 
this  concentration,  therefore  an  adjustment  for  resuspenslon  is  not  required 
for  the  flocculent  settling  case. 

(b)  Using  Fig.  D.7  and  the  anticipated  ponding  depth,  determine 
the  required  mean  detention  time  corresponding  to 

(c)  As  in  the  case  for  flocculent  settling  of  the  entire  slurry 
mass,  the  mean  detention  time  should  be  increased  by  an  appropriate  hydraulic 
efficiency  factor  HEF,  using  Equation  D-8.  The  resulting  volumetric  or 
theoretical  detention  time  T  can  be  used  to  determine  the  required  disposal 
area  geometry. 

Estimation  of  Field  Mean  and  Volumetric  or  Theoretical  Retention  Times 

Estimates  of  the  field  mean  retention  time  for  expected  operational  con¬ 
ditions  are  required  for  prediction  of  suspended  solids  concentrations  in  the 
effluent.  Estimates  of  the  retention  time  must  consider  the  hydraulic  effi¬ 
ciency  of  the  disposal  area,  defined  as  the  ratio  of  mean  retention  time  to 

theoretical  retention  time.  Field  mean  retention  time  T  can  be  estimated  for 

d 


given  flow  rate  and  ponding  conditions  by  applying  a  hydraulic  efficiency 
factor  to  the  theoretical  detention  time  T  as  follows: 


T 


d 


T 

(HEF) 


(D-13) 


where  T,  -  mean  detention  time,  hr 

d 

HEF  “  hydraulic  efficiency  factor  (HEF  >1.0)  defined  as  the  Inverse 
of  the  hydraulic  efficiency 

and  T  -  theoretical  detention  time,  hr 

The  theoretical  detention  time  Is  calculated  as  follows: 


T 


^(12.1) 


(12.1) 


(D-14) 


where  T  ■  theoretical  detention  time,  hr 
Vp  ■  volume  ponded,  acre-ft 
Ap  «  area  ponded,  acres 
Dp  -  average  depth  of  ponding,  ft 
-  average  inflow  rate,  cfs 
12.1  -  conversion  factor  acre-ft/cfs  to  hr 

Estimation  of  Hydraulic  Efficiency  Factor 

The  hydraulic  efficiency  factor,  HEF,  can  be  estimated  by  several  meth¬ 
ods.  The  most  accurate  estimate  is  made  possible  from  dye-tracer  data  previ¬ 
ously  obtained  at  the  site  under  operational  conditions  similar  to  those  for 
the  operation  under  consideration.  In  absence  of  dye-tracer  data  or  values 
obtained  from  other  theoretical  approaches,  the  HEF  can  be  assumed  based  on 
values  obtained  by  dye-tracer  studies  at  similar  sites  and  under  similar  con¬ 
ditions.  Montgomery  (1978)  recommended  a  value  for  HEF  of  2.25  based  on  field 
studies  conducted  at  several  sites.  This  value  should  be  used  for  the  HEF  in 
absence  of  additional  data. 


Determination  of  Controlling  Factors  for  Disposal  Area  Geometry 

Previous  calculations  have  provided  a  design  surface  area  and/or  a 
volumetric  detention  time  T  required  for  fine-grained  dredged  material  sedi¬ 
mentation  and  the  initial  volume  required  for  initial  storage  V.  A  ponding 

depth  H  .  was  also  assumed.  These  values  are  then  used,  as  described  in  the 
pd 

following  paragraphs,  to  determine  the  required  disposal  area  geometry. 
Throughout  the  design  process,  the  existing  topography  of  the  containment  area 
site  must  be  considered  since  it  can  have  a  significant  effect  on  the  result¬ 
ing  geometry  of  the  containment  area.  Any  limitations  on  dike  height  should 
also  be  determined  based  on  an  appropriate  geotechnical  evaluation. 


Surface  area  requirement  for  zone  settling 

The  following  procedure  should  be  used: 


wnere 


(a) 


Estimate  the  thickness  of  the  dredged  material  at  the  end  of 
the  disposal  operation: 


(D-15) 


H.  >*  thickness  of  the  dredged  material  layer  at  the  end  of  the 
dredging  operation,  ft 

V  =  volume  of  dredged  material  In  the  basin,  ft’  (from  Equation 
D-4) 

A,  *  design  surface  area,  ft^  (as  determined  from  Equation  D-6  or 
d 

use  the  known  surface  area  for  existing  sites) 

(b)  Determine  Che  maximum  height  allowed  for  confining  dikes. 
This  height  should  be  based  on  appropriate  geotechnical 
design  of  the  dikes. 


(c)  Add  the  ponding  depth  and  freeboard  depth  to  H  to  deter- 

dm 


mine  the  required  containment  area  depth  (dike  height) : 


D 


H .  +  H  .  +  H,, 

dm  pd  fb 


(D-16) 


where 


D  -  dike  height,  ft 


H  ,  ■  average  ponding  depth,  ft  (a  mlnltnum  of  2  ft  is  recommended) 
pd 

H,,  ■  freeboard  above  the  basin  water  surface  to  prevent  wave 
fb 

overtopping  and  subsequent  damage  to  confining  earth  dikes,  ft 
(a  minimum  of  2  ft  Is  recommended) 

(d)  Compare  this  value  with  the  allowable  dike  height 

Containment  area  ponded  volume  requirement  for  flocculent  settling 
The  following  procedure  should  be  used: 


where 


(a)  Compute  the  volume  required  for  sedimentation: 

Vfl  =  (D-17) 

where  V  is  the  containment  area  ponded  water  volume  in 
B 

cubic  feet  required  for  meeting  suspended  solids  effluent 
requirements . 

(b)  Determine  the  maximum  height  D  allowed  for  confining 
dikes.  (See  previous  paragraphs.)  In  some  cases,  It 
might  be  desirable  to  use  less  than  the  maximum  allowed 
dike  height. 

(c)  Compute  a  minimum  for  the  design  area  required  for 


storage: 


d  H 


dm(max) 


H .  .  .  *  D  -  H  .  -  H., 

dm(max)  pd  fb 


(D-18) 


(D-19) 


or  set  the  design  area  equal  to  the  known  surface  area 
for  existing  sites. 


(d)  Evaluate  the  volume  available  for  sedimentation  near  the 


end  of  the  disposal  operation: 


V*  .  (D-20) 

where  V*  is  the  volume  in  cubic  feet  available  for  sedi¬ 


mentation  near  the  end  of  the  disposal  operation. 


(e)  Compare  V*  and  V  .  If  the  volume  required  for  sedlmenta- 

D 

tlon  Is  larger  than  V*,  the  containment  area  will  not  meet 
the  suspended  solids  effluent  requirements  for  the  entire 
disposal  operation.  The  following  three  measures  can  be 
considered  to  ensure  that  effluent  requirements  are  met: 
(1)  Increase  the  design  area  A^;  (2)  operate  the  dredge  on 
an  Intermittent  basis  when  V*  becomes  less  than  V„  or  use 

O 

a  smaller  size  dredge;  and  (3)  provide  for  posttreatment 
of  the  effluent  to  remove  solids. 

(f)  Estimate  the  thickness  of  dredged  material  at  the  end  of 
the  disposal  operation  using  Equation  D-15  with  as 
determined  using  step  c. 

(g)  Determine  the  required  containment  area  depth  using 
Equation  D-16  and  the  results  from  step  f. 

(h)  Compare  this  depth  with  the  maximum  allowable  dike  height. 

(1)  If  the  maximum  dike  height  allowed  by  foundation  condi¬ 
tions  Is  less  than  the  containment  area  depth  requirement 
determined  from  Equation  D-16,  the  design  area  must  be 
increased  until  the  depth  requirement  can  be  accommodated 
by  the  allowable  dike  height;  the  thickness  of  the  dredged 
material  layer  must  also  be  decreased. 


Guidelines  for  weir  design.  The  purpose  of  the  weir  structure  is  to 
regulate  release  of  ponded  water  from  the  containment  area.  Proper  weir 
design  and  operation  can  control  resuspension  and  withdrawal  of  settled 


%  s 


Weir  design  and  containment  sizing.  Weir  design  is  based  on  providing 
the  capability  for  selective  withdrawal  of  the  clarified  upper  layer  of  ponded 
water.  The  weir  design  guidelines  as  developed  in  the  following  paragraphs 
are  based  on  the  assumption  that  the  design  of  the  containment  area  has  pro¬ 
vided  sufficient  area  and  volume  for  sedimentation  and  that  short-circuiting 


is  not  excessive. 


Effective  weir  length  and  ponding  depth. 


(a)  Ponding  depth  and  effective  weir  length  are  the  two  -nost 
important  parameters  in  weir  design.  The  weir  design 
guidelines  presented  in  this  section  allow  evaluation  of  the 
trade-off  involved  between  these  parameters. 


(b)  In  order  to  maintain  acceptable  effluent  quality,  the  upper 
layers  containing  low  levels  of  suspended  solids  should  be 
ponded  at  depths  greater  than  or  equal  to  the  depth  of  the 
withdrawal  zone,  the  area  through  which  fluid  is  removed  for 
discharge  over  the  weir  as  shown  in  Fig.  D.8.  The  size  of 
the  withdrawal  zone  affects  the  approach  velocity  of  flow 


toward  the  weir. 


(c)  The  weir  shape  or  configuration  affects  the  dimensions  of 

the  withdrawal  zone  and  consequently  the  approach  velocity. 


Since  weirs  do  not  extend  across  an  entire  side  of  a  con¬ 


tainment  area,  flow  concentrations  of  various  degrees  occur 
near  the  weir,  resulting  in  possible  resuspension  of  solids. 
Longer  effective  weir  lengths  result  in  less  concentration 
of  flow.  The  minimum  width  through  which  the  flow  must  pass 
may  be  termed  the  effective  weir  length  L  . 


(d)  The  relationship  between  effective  weir  length  and  ponding 
depth  for  various  conditions  of  inflow  and  effluent  sus¬ 
pended  solids  Is  illustrated  by  the  nomographs  for  materials 
exhibiting  flocculent  and  zone  settling  in  Fig.  D.9  and 
D.IO,  respectively.  The  nomographs  were  developed  based  on 
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SOLIDS  CONCENTRATION 


VELOCITY 


Figure  D.8.  Conceptual  illustration  of  withdrawal  depth  and  velocity 
profile  where  H  is  static  head,  h  is  flow  depth  over  the  weir, 

®  and  t  is  weir  thickness. 
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Figure  D.9.  Weir  design  nomograph  for  materials  exhibiting  flocculent 
settling  (modified  from  Walski  and  Schroeder  1978) 
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Figure  D.IO.  Weir  design  nomograph  for  materials  exhibiting  zone  or 
compression  settling  (from  Walskl  and  Schroeder,  1978) 
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the  principles  of  selective  withdrawal  assuming  near-zero 
suspended  solids  at  the  surface  and  have  been  verified  by 
limited  field  data. 

Design  procedure.  To  design  a  new  weir  to  meet  a  given  effluent  sus¬ 
pended  solids  level,  the  following  procedure  should  be  used: 

(a)  Select  the  appropriate  nomograph  based  on  the  governing 
settling  behavior  of  the  material  (see  Figs.  D.9  or  D.IO) 
and  the  USCS  classification  of  the  fine-grained  portion  of 
the  sediment. 


*  To  obtain  discharge  rates  for  other  velocities, 
multiply  the  discharge  rate  shown  in  this  tabulation 
by  the  desired  velocity  and  divided  by  15. 


(c)  Using  the  selected  nomograph,  construct  horizontal  lines  at  the 
design  inflow  rate  and  the  desired  level  of  effluent 
suspended  solids. 

(d)  Use  vertical  lines  connecting  the  constructed  horizontal  lines 
to  Indicate  various  combinations  of  ponding  depth  and  effective 
weir  length  required. 


(e)  Determine  the  number  of  weir  structures,  physical  dimensions  of 
each,  and  locations  based  on  the  weir  type  to  be  used  and  the 
configuration  of  the  containment  area. 

If  a  satisfactory  balance  between  effective  weir  length  and  ponding  depth  can¬ 
not  be  achieved,  intermittent  operation  or  use  of  a  smaller  dredge  will  be 
required  to  meet  the  desired  level  of  effluent  suspended  solids  as  the 
containment  area  is  filled. 

Effect  of  weir  type 

Rectangular  weirs.  Rectangular  weirs  are  the  commonly  used  weir  type 
and  may  consist  of  a  rectangular  wood-  or  metal-framed  Inlet  or  half- 
cylindrical  corrugated  metal  pipe  rlser(s).  The  effective  weir  length  Is 
I  equal  to  the  actual  weir  crest  length  for  rectangular  weirs  as  illustrated  In 

Fig.  D.lla. 

I  Jutting  weirs.  A  modified  form  of  the  rectangular  weir  is  the  jutting 

I 

I  weir  (see  Fig.  D.llb).  It  Is  possible  to  achieve  a  greater  effective  weir 

I  length  using  a  jutting  weir  since  the  effective  length  equals  L  +  2J,  as 

j  shown  in  Fig.  D.llb. 

I 

Polygonal  (labyrinth)  weirs.  Polygonal  (labyrinth)  weirs  have  been  used 
I  to  reduce  the  depth  of  flow  over  the  weir.  However,  use  of  such  weirs  has 

j  little  Impact  on  effluent  suspended  solids  concentrations  since  the  control- 

I  ling  factor  for  the  depth  of  withdrawal  is  usually  not  the  flow  over  the  weir 

j  but  the  approach  velocity.  Therefore,  the  approach  velocity  and  the 

I 

I 


withdrawal  depth  for  the  rectangular  weir  In  Fig.  D.lla  would  be  the  sane  as 
that  for  the  polygonal  weir  In  Fig.  D.llc  since  both  weirs  have  the  same 
effective  length  even  though  the  total  weir  crest  length  for  the  polygonal 
weir  Is  considerably  greater.  Use  of  polygonal  weirs  Is  not  recommended 
because  of  the  greater  cost  and  the  marginal  Improvement  of  effluent  quality 
realized  when  using  such  a  weir. 

Shaft-type  weirs.  In  some  cases  the  outflow  structure  is  a  four-sided 
drop  inlet  or  shaft  located  within  the  containment  area  as  shown  In 
Fig.  D.lld.  In  evaluating  the  effective  weir  length  for  shaft-type  weirs,  the 
approach  velocity  Is  a  key  consideration.  To  minimize  the  approach  velocity 
and  hence  the  withdrawal  depth,  the  shaft  weir  should  not  be  placed  too  near 
the  dike.  In  Fig.  D.ll,  location  A  Is  the  most  desirable  since  flow  can 
approach  from  all  sides  (four  effective  sides).  Location  B  Is  less  desirable 
since  flow  can  approach  from  only  three  directions  (three  effective  sides). 
Location  C  Is  the  least  desirable  since  It  has  only  two  effective  sides. 

Since  effluent  pipes  must  run  from  the  shaft  weir  under  the  dike  to  the 
receiving  stream,  a  location  such  as  A  In  Fig.  D.ll  may  not  be  optimal  since 
it  Is  far  from  the  dike  and  will  require  a  longer  pipe  than  Location  B. 

To  convert  the  weir  length  determined  from  the  design  nomographs  to 

length  L  of  a  side  of  the  square  shaft  weir,  use  the  following  formula: 
s 

L 

L  »  (D-21) 

8  n 

where  n  is  the  number  of  effective  sides  of  a  shaft  type  weir.  A  side  Is  con¬ 
sidered  an  effective  side  If  It  Is  at  least  away  from  the  nearest 

dike,  mounded  area,  or  other  dead  zone.  This  distance  Is  generally  accepted 
as  being  sufficient  to  prevent  the  flow  restriction  caused  by  the  flow  con¬ 
traction  and  bending  due  to  che  walls. 

Structural  design.  Weirs  should  he  structurally  designed  to  withstand 
anticipated  loadings  at  maximum  ponding  elevations.  Considerations  should  be 
given  to  uplift  forces  and  potential  piping  beneath  or  around  the  weir. 


Additional  Information  regarding  structural  design  of  weirs  is  found  In  Hammer 
and  Blackburn  (1977).  Outlet  pipes  for  the  weir  structure  must  be  designed  to 
carry  flows  In  excess  of  the  flow  rate  for  the  largest  dredge  size  expected. 
The  larger  flow  capacity  of  the  outlet  pipes  may  be  needed  If  emergency 
release  of  ponded  water  Is  required. 


Weir  operation 


Weir  boarding.  Adequate  ponding  depth  during  the  dredging  operation  Is 
maintained  by  controlling  the  weir  crest  elevation.  Weir  crest  elevations  are 
usually  controlled  by  placing  boards  within  the  weir  structure.  The  boards 
should  range  In  size  from  2  by  4  In.  to  2  by  10  In.  (nominal  dimensions) . 


Weir  boarding  should  be  determined  based  on  the  maximum  ponding  eleva¬ 
tion  expected  during  the  dredging  operation.  Before  dredging  commences,  the 
weir  should  be  boarded  to  the  highest  possible  elevation  that  dike  stability 
and  erosion  considerations  will  allow.  This  practice  will  ensure  maximum  pos¬ 
sible  efficiency  of  the  containment  area.  The  maximum  elevation  must  allow 
for  adequate  ponding  depth  above  the  highest  expected  level  of  accumulated 
settled  solids  and  yet  remain  below  the  required  freeboard.  Small  boards 
(e.g.,  2  by  4  In.)  should  be  placed  at  the  top  of  the  weir  for  a  distance 
equal  to  the  expected  ponding  depth  at  the  end  of  the  dredging  operation  in 
order  to  provide  more  flexibility  In  controlling  ponding  depth.  Use  of  larger 
boards  In  this  most  critical  area  may  result  In  Increased  effluent  suspended 
solids  concentrations  as  weir  boards  are  manipulated  during  the  operation. 
Figure  D.12  shows  the  recommended  weir  boarding  used  for  a  minimum  ponding 
depth  of  2  ft. 


Operational  guidelines  for  weirs.  Some  basic  guidelines  for  weir  opera¬ 
tion  are  given  below: 

(a)  If  the  weir  Is  properly  designed,  Intermittent  operation 

should  not  become  necessary  until  the  required  ponding  depth 


cannot  be  maintained. 


(b)  The  weir  crest  should  be  maintained  at  the  highest  feasible 
elevation  to  ensure  maximum  effluent  quality. 


MAXIMUM  PONDING 

elevation 


Figure  D.12.  Reconmended  boarding  configuration  (modified 
from  Walskl  and  Schroeder  1978) 


(c)  While  operating  the  weir,  floating  debris  should  be  peri¬ 
odically  removed  from  the  front  of  the  weir  to  prevent 
larger  wlthdrawa'  flows  at  greater  depths. 

(d)  If  multiple  weirs  or  a  weir  with  several  sections  are  used 
In  a  basin,  the  crests  of  all  weirs  or  weir  sections  should 
be  maintained  at  the  same  elevation. 

(e)  If  the  effluent  suspended  solids  concentration  Increases 
above  acceptable  limits,  the  ponding  depth  should  be 
Increased  by  raising  the  elevation  of  the  weir  crest. 


iw; 


However,  if  the  weir  crest  Is  at  the  maximum  ponding  eleva¬ 
tion  and  the  effluent  quality  is  still  unacceptable,  the 
flow  into  the  basin  should  be  decreased  by  operating 
intermittently. 

(f)  The  weir  may  be  controlled  in  the  field  by  using  the  head 
over  the  weir  as  an  operational  parameter  since  the  actual 
flow  over  the  weir  cannot  easily  be  measured. 

Operating  head.  The  static  head  with  the  related  depth  of  flow  over  the 

weir  is  the  beat  criterion  now  available  for  controlling  weir  operation  in  the 

field.  Weirs  utilized  in  containment  areas  can  usually  be  considered  sharp 

crested  where  the  weir  thickness  t^  is  less  than  two-thirds  the  depth  of  flow 

over  the  weir  h  as  seen  in  Fig.  D.IO.  The  ratio  of  depth  of  flow  over  the 

weir  to  the  static  head  h/H  equals  0.85  for  rectangular  sharp-crested  weirs. 

s 

The  weir  crest  length  L,  static  head  H^,  and  depth  of  flow  over  the  weir  h  are 
related  by  the  following  equations  for  rectangular  sharp-crested  weirs: 

2/3 

H  -  0.3  (D-22) 

S  u 

and 

h  -  0.85H  (D-23) 

s 

where 

Q  “  flow  rate,  ft^/sec  (Q  *  for  continuous  operation) 

Q  “  clarified  effluent  rate,  ft^/sec 
e 

L  “  weir  crest  length,  ft 

These  relationships  are  shown  graphically  in  Fig.  D.13. 

For  a  desired  flow  rate  and  weir  length.  Fig.  D.13  can  be  used  to  deter¬ 
mine  the  maximum  head  allowable.  If  the  head  in  the  basin  exceeds  this  value, 
dredging  should  be  discontinued  until  sufficient  water  is  discharged  to  lower 
the  head  to  an  acceptable  level.  Since  the  depth  of  flow  over  the  weir  is 
directly  proportional  to  the  static  head,  it  may  be  used  as  an  operating 


parameter.  The  dredging  should  then  be  performed  Intermittently  to  maintain 
the  head  within  an  acceptable  range,  not  exceeding  the  maximum  allowable  head. 
The  operator  need  not  be  concerned  with  head  over  the  weir  If  effluent  sus¬ 
pended  solids  concentrations  are  acceptable. 

Weir  operation  for  undersized  basins.  If  the  basin  Is  undersized  and/or 
Inefficient  settling  is  occurring  In  the  basin,  added  detention  time  and 
reduced  approach  velocities  are  needed  to  achieve  efficient  settling  and  to 
avoid  resuspension,  respectively.  Added  detention  time  can  be  obtained  by 
raising  the  weir  crest  to  Its  highest  elevation  to  maximize  the  ponding  depth 
or  by  operating  the  dredge  Intermittently.  The  detention  time  with  Intermit¬ 
tent  dredging  can  be  controlled  by  maintaining  a  maximum  allowable  static  head 
or  depth  of  flow  over  the  weir  based  on  the  effluent  quality  achieved  at  vari¬ 
ous  weir  crest  elevations. 

Weir  operation  for  decanting.  Once  the  dredging  operation  is  completed, 
the  ponded  water  must  be  removed  to  promote  drying  and  consolidation  of 
dredged  material.  Weir  boards  should  be  removed  one  row  at  a  time  to  slowly 
decant  the  ponded  water.  Preferably,  2-  by  4-ln,  boards  should  be  located  as 
described  In  previous  paragraphs  In  order  to  minimize  the  withdrawal  of  set¬ 
tled  solids.  A  row  of  boards  should  not  be  removed  until  the  water  level  is 
drawn  down  to  the  weir  crest  and  the  outflow  is  low.  This  process  should  be 
continued  '  ntll  the  decanting  Is  completed.  It  is  desirable  to  eventually 
remove  the  boards  below  the  dredged  material  surface  so  that  rainwater  can 
drain  from  the  area.  These  boards  can  be  removed  only  after  the  material  has 
consolidated  sufficiently  so  that  it  will  not  flow  from  the  basin.  If  it 
begins  to  do  so,  the  boards  should  be  replaced.  In  the  final  stages  of 
decanting  ponded  water,  notched  boards  may  be  placed  in  the  weir  to  allow  low 
flow  for  slow  removal  of  surface  water. 

Dike  Design  and  Equipment  Requirement 
Design  Considerations  and  Requirements 


Retaining  dikes  used  to  form  confined  disposal  facilities  consist 
primarily  of  earth  embankments  and  have  the  principal  objective  of  retaining 


solid  particles  within  the  disposal  area  while  at  the  same  time  allowing  the 
release  of  clean  effluent  back  to  natural  waters.  Retaining  dikes  are  similar 
to  flood-protection  levees  In  size  and  shape  but  differ  In  the  following 
important  respects:  (a)  a  retaining  dike  will  retain  an  essentially  permanent 
pool,  whereas  most  levees  have  water  against  them  only  for  relatively  short 
periods  of  time  and  (b)  the  location  of  a  retaining  dike  will  usually  be 
established  by  factors  other  than  foundation  conditions  and  available  borrow 
material  (i.e.,  proximity  to  dredge,  only  land  available,  etc.)  from  which 
there  will  be  little  deviation.  The  heights  and  geometric  configurations  of 
retaining  dikes  are  generally  dictated  by  containment  capacity  requirements, 
availability  of  construction  materials,  and  prevailing  foundation  conditions. 
Types  of  Retaining  Dikes 

Main  Dike.  The  moat  predominant  retaining  structure  In  a  containment 
facility  extends  around  the  outer  perimeter  of  the  containment  area  and  is 
referred  to  as  the  main  dike.  Except  as  otherwise  noted,  all  discussion  In 
this  report  applies  to  the  main  dike.  The  main  dike  and  two  other  types  of 
dikes  that  serve  primarily  as  operational  support  structures  for  the  main 
dike  are  shown  in  Fig.  D.14. 

Cross  Dike.  A  cross  or  lateral  dike  (Fig.  D.14)  Is  a  dike  placed  across 
the  interior  of  the  containment  area  connecting  two  sides  of  the  main  dike. 

The  purpose  of  cross  dikes  Is  to  separate  the  facility  into  two  or  more  areas 
so  that  the  slurry  in  one  area  Is  subjected  to  initial  settling  prior  to 
passing  over  or  through  the  cross  dike  to  the  other  area.  In  order  to  accom¬ 
plish  this,  the  cross  dike  Is  placed  between  the  dredged  discharge  point  and 
the  sluice  discharge.  Cross  dikes  can  also  be  used  with  Y-dlscharge  lines  to 
divide  an  area  Into  two  or  more  areas,  each  receiving  a  portion  of  the  incom¬ 
ing  dredged  material. 


Spur  Dike.  Spur  or  finger  dikes  protrude  Into,  but  not  completely 
across,  the  disposal  area  from  the  main  dike  (Fig.  D.14).  They  are  used 
mainly  to  prevent  channelization  by  breaking  up  a  preferred  flow  path  and 
dispersing  the  slurry  Into  the  disposal  area.  Spur  dikes  are  also  used  to 
allow  simultaneous  discharge  from  two  or  more  dredges  by  preventing  coalescing 
of  the  two  dredged  material  Inputs  and  thereby  discouraging  an  otherwise  large 
quantity  of  slurry  from  reaching  flow  velocities  necessary  for  channelization. 


MAIN  DIKE 


Dike  Failures 


Retaining  dike  failures  in  the  past  have  been  largely  the  result  of  a 
combination  of  factors:  foundation  conditions,  construction  materials,  and, 
in  some  cases,  construction  methods  and  disposal  practices  (Murphy  and 
Zelgler  1974).  Consequently,  all  of  these  factors  must  be  taken  into  account 
during  dike  design.  In  addition  to  property  damage,  there  is  usually  the 
expense  of  redredging  the  material  and  repairing  the  dike. 

Foundation  Conditions  and  Construction  Materials.  Available  material  at 
a  site  to  serve  as  a  foundation  and/or  of  which  the  embankment  will  be  com¬ 
posed  is  probably  the  single  most  Important  factor  that  affects  dike  design 
and  construction.  This  is  because  dike  design  must  generally  be  adapted  to 
the  most  economically  available  materials  compatible  with  prevailing  founda¬ 
tion  conditions.  Available  disposal  sites  are  normally  lands  not  economically 
suited  for  private  development,  often  being  composed  of  soft  clay  and  silt  of 
various  organic  contents.  Since  dike  construction  requiring  the  use  of 
material  from  inside  the  disposal  area  and/or  immediately  adjacent  borrow 
areas  is  often  an  economic  necessity,  initial  dike  heights  may  be  limited  or 
the  use  of  rather  large  embankment  sections  may  result,  expensive  foundation 
treatment  may  be  required,  or  expensive  construction  methods  may  be  dictated. 

Construction  Methods.  The  method  used  to  construct  the  dike  must  also 
be  given  thorough  consideration  because  each  type  of  construction  has  charac¬ 
teristics  that  can  strongly  affect  the  desired  dike  section.  The  selection  of 
a  construction  method,  even  though  based  largely  on  economics,  must  also  be 
compatible  with  available  materials  and  the  geometry  of  the  final  dike  sec¬ 
tion,  as  well  as  environmental  considerations.  The  different  types  of  con¬ 
struction,  advantages  and  disadvantages  of  each,  and  their  effects  on  the  dike 
section  are  all  discussed  in  detail  in  the  section  on  dike  construction. 

Factors  of  Field  Investigation  and  Design.  The  extent  to  which  field 
Investigations  and  design  are  carried  out  is  dependent  on  the  desired  degree 
of  safety  against  failure.  This  decision  will  usually  be  made  by  the  local 
design  agency  and,  of  course,  involves  many  site-specific  factors.  However, 
Table  D.2  lists  some  general  factors  based  on  past  practice  that  can  be  used 
as  general  guidelines  in  the  planning  stages  of  a  project. 
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Table  D.2 

Factors  Affecting  the  Extent  of  Field 
Investigations  and  Design  Studies 


Factor 


Construction  experience 


Consequence  of  failure 


Field  Investigations  and  Design  Studies 
_ Should  be  More  Extensive  Where _ 

There  Is  little  or  no  construction  experience  In 
the  area,  particularly  with  respect  to  dikes 

Consequences  of  failure  Involving  life,  property, 
or  damage  to  the  environment  are  great 
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Dike  height 
Foundation  conditions 


Borrow  materials 


Structures  In  dikes 


Dike  heights  are  substantial 

Foundation  deposits  are  weak  and  compressible 

Foundation  deposits  are  highly  variable  along  the 
alignment 

Underseepage  and/or  settlement  problems  are  severe 

Available  borrow  Is  of  poor  quality,  water  contents 
are  high,  or  borrow  materials  are  variable  along 
the  alignment 

Sluices  or  other  structures  are  Incorporated  Into 
the  dike  embankment  and/or  foundation 


Utility  crossings 


Diked  area  is  traversed  by  utility  lines 


Field  and  Laboratory  Tests 

Table  D.3  summarizes  the  general  features  of  geologic  and  subsurface 
field  Investigations.  Ideally,  an  exploration  program  should  be  carried  out 
In  the  sequence  given,  with  one  stage  Immediately  following  the  other.  This 
will  often  reduce  mobilization  costs  for  exploration  equipment,  but  requires 
that  an  engineer  be  on  the  Job  full  time  to  digest  all  data  as  they  are 
obtained. 

Field  Tests.  It  is  often  desirable  to  estimate  foundation  strengths 
during  the  preliminary  stage  of  the  exploration  program.  Table  D.4  lists 
available  methods  for  estimating  foundation  strength. 

Laboratory  Investigations.  This  part  describes  laboratory  tests  con¬ 
sidered  appropriate  In  establishing  the  engineering  properties  of  foundation 
soils  and  embankment  materials  for  use  In  the  design  of  retaining  dikes.  The 
number  and  types  of  laboratory  tests  to  be  performed  should  be  determined  only 
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Table  D.3 

Stages  of  Field  Investigation 


_ Stage _ 

Preliminary  geological 
investigation 


Subsurface  exploration 
and  field  testing 
and  more  detailed 
geologic  study* 


Features 


a.  Office  study.  Collection  and  study  of: 
Topographic,  soil,  and  geological  maps 
Aerial  photographs 

Boring  logs  and  well  data 

Information  on  existing  engineering  projects 

b.  Field  survey.  Observations  and  geology  of 

area,  documented  by  written  notes  and  photo 
graphs.  Including  such  features  as: 
Rlverbank  and  coastal  slopes,  rock  outcrops, 
earth  and  rock  cuts  or  fills 
Surface  materials 
Poorly  drained  areas 

Evidences  of  instability  of  foundations  and 
slopes 

Emerging  seepage  and/or  soft  spots 
Natural  and  man-made  physiographic  features 


a.  Preliminary  phase. 

Widely  but  not  uniformly  spaced  disturbed  sam 
pie  borings  (may  Include  split  spoon  pene¬ 
tration  tests) 

Tests  pits  excavated  by  backhoes,  firm  trac¬ 
tors,  or  dozers 

Geophysical  surveys  to  Interpolate  between 
widely  spaced  borings 

Borehole  geophysical  tests 


b. 


Final  phase. 

Additional  disturbed  sample  borings  Including 
split  spoon  penetration  tests 
Undisturbed  sample  borings 
Field  vane  shear  tests  for  soft  materials 
Water  table  observations 
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Table  D.4 

Preliminary  Appraisal  of  Foundation  Strengths 


_ Method* _  _ Remarks _ 

Penetration  resistance  from  In  clay,  provides  data  helpful  In  a  rela- 

standard  penetration  test  tlve  sense;  l.e..  In  comparing  different 

deposits.  Generally  not  helpful  where 
number  of  blows  per  foot  N*  Is  low 

In  sand,  N-values  less  than  about  15  indi¬ 
cate  low  relative  densities 

Natural  water  content  of  dls-  Useful  when  considered  with  soil  classlfl- 
turbed  or  general  type  cation  and  previous  experience  is 

samples  available 

Hand  examination  of  disturbed  Useful  where  experienced  personnel  are 
samples  available  who  are  skilled  In  estimating 

soil  shear  strengths 

Useful  where  previous  experience  is 
available 

If  natural  water  content  is  close  to  PL, 
foundation  shear  strength  should  be  high 

Field  pumping  tests  used  to  Natural  water  contents  near  LL  indicate  sen- 

determlne  field  permeability  sltlve  soils  with  low  shear  strengths 

Torvane  or  pocket  penetrometer  Easily  performed  and  inexpensive,  but 

tests  on  intact  portions  of  results  may  be  excessively  low;  useful  for 

general  samples  preliminary  strength  estimates 

Vane  shear  tests  Used  to  estimate  shear  strengths 


Position  of  natural  water  con¬ 
tents  relative  to  liquid 
limit  (LL)  and  plastic  lim¬ 
its  (PL) 


*  EM  1110-2-1907  contains  details  of  these  procedures. 


after  a  careful  study  of  the  boring  profiles  In  order  to  determine  the 
parameters  likely  to  control  the  design.  Current  laboratory  soil  testing 
procedures  are  fully  described  In  EM  1110-2-1906,  "Laboratory  Soils  Testing" 
(OCE  Nov  1970).  EM  110-2-1902,  "Stability  of  Earth  and  Rock-Fill  Dams,"  (OCE 
Apr  1970)  outlines  the  applicability  of  the  various  laboratory  strength  tests 
to  appropriate  field  loading  conditions. 

Lab  Testing  Programs.  A  laboratory  testing  program  can  generally  be 
divided  Into  two  parts.  The  first  part  consists  essentially  of  Index  tests, 
the  purpose  of  which  Is  to  classify  the  soils  and  thereby  develop  the  boring 
log  with  the  end  result  of  establishing  soil  profiles,  l.e.,  determining  what 
type  of  soils  exist  where.  Index  tests  Include  visual  classification,  water 
content,  Atterberg  Limits,  and  mechanical  analysis  (gradation)  tests.  The 
second  part  consists  of  tests  Intended  to  determine  the  engineering  properties 
of  soils  with  respect  to  shear  strength,  consolidation,  and  sometimes  perme¬ 
ability,  It  Is  these  values  that  provide  the  Input  parameters  for  design 
analyses.  Tables  D.5  and  D.6  contain  the  various  tests  that  may  be  Included 
In  a  laboratory  testing  program  for  fine-grained  and  coarse-grained  soils, 
respectively.  Also  Included  In  Table  D.5  and  D.6  are  pertinent  remarks 
concerning  the  purposes  and  scope  of  testing.  Additional  guidance  is 
available  In  EM  1110-2-1906,  WES  TR  D-77-9,  Mil  Std  619B,  and  WES  Tech 
Memo  3-357. 

Construction  Materials 

Acceptable  Materials.  Almost  any  type  of  material  can  be  classified  as 
acceptable  (even  though  not  the  most  desirable)  for  construction  of  retaining 
dikes,  with  the  exception  of  very  wet  fine-grained  soils  and  those  containing 
a  high  percentage  of  organic  matter.  Highly  plastic  clays  may  present  a  prob¬ 
lem  because  of  their  detrimental  shrink-swell  properties  when  subjected  to 
alternate  cycles  of  drying  and  wetting. 

Compacted,  Semlcompacted,  and  Uncompacted  (Cast)  Fill.  The  natural 
water  content  of  materials  used  In  conjunction  with  these  methods  of  construc¬ 
tion  Is  very  important.  When  compacted  dikes  are  planned,  it  is  necessary  to 
ensure  that  available  borrow  material  has  a  low  enough  water  content  to  allow 
placement  and  compaction.  Semlcompacted  fill  can  tolerate  material  with 
higher  water  contents,  while  uncompacted  cast  fill  can  be  placed  at  very  high 


Table  D.5 

Laboratory  Testing  of  Fine-Grained  Cohesive  Soils 


VlsiMl  clMeirtcetioa 


Veter  eoeteot 


Atterberg  llaite 


Cmpectloe 


Coesolidetioa 


Fcrecebiltty 


Sheer  etrcegth 


To  rlauelly  cleastfy  the  toll 
te  eeeerAeeee  with  the 
Ohiried  Sell  Cleaairieetlea 

Syataa 

te  getaralee  the  weter  eoeteat 
of  the  aoll  la  order  to 
better  deflao  aoll  prof Ilea, 
rerletioe  with  depth,  ead 
behevlorel  chereeterlatlca 

Fbuadetlea  aella:  for  eleaal- 
fleetloo.  eooperleoe  with 
aeturel  weter  coeteata.  or 
eorreletioo  with  aheer  or 
coaaolldetloa  pereoetera 

Sorrow  aolla;  for  cleaat- 
flcetioo.  cooper laoo  with 
aeturel  weter  coateata,  or 
eorrcletloBs  with  optloxa 
weter  eoateat  ead  Bexloua 
dry  deaaltlea 

te  eatebllah  aerlaiai  dry 
dcaalty  ead  optlouo  weter 
cooteat 


te  deterolae  peraaeters  aec» 
eaaery  to  eattaeta  aettle- 
aeat  of  dike  ead/or  feuade* 
tloa  ead  ttae-reto  of 
aettlcoeat.  Alao.  to  deter- 
elae  whether  aolla  ere 
aocoelly  coaaolldeted  or 
ower<«oaaolldeted  aad  te  eld 
la  eatloetlag  atreagth  gala 
vlU  ttae 


te  eatlaete  the  penrlouaacaa 
of  borrow  ead/or  feundetloa 
aolla  la  order  to  eeleulete 
aeepego  loaaca  ead  tlao- 
rete  of  aettlcoeat 


te  provide  peraoctera  accea- 
aery  for  leput  late  atebll- 
Ity  eaeljrala 

teckct  pcoetrooeter,  alaleture 
reae,  uacoaflaed  coopresaloa, 
ead  4>teata  to  deterolae 
uacoaaolldetcd-uodrelaed 
atrcegtha 

R-tcata  to  deterolae 
coasol Ideted-uadrelaed 
atreagthe 

S-tcata  to  dctcfolae 
eoaaol Ideted-drelacd 
atrcegtha 


All  aeapXea 


All  aeaplea 


Repreaeatatlvc  leaplct  of  foun* 
detlon  ead  borrow  (olla. 
Sufficient  leaplet  should  be 
tested  to  develop  a  good 
profile  with  depth 


Represcatetlve  seaples  of  ell 
borrow  soils  for  coopected 
or  scolcoopected  dikes: 

Coopected  -  perfore  steaderd 
25-blow  test 

Scolcoopected  -  perfom 
15-blow  test 

Represcatetlve  seaples  of 
coopected  borrow  where 
coaselldetlon  of  dike 
cobenkacat  Itself  Is 
expected  to  be  significant. 

Representative  seaples  of 
fouadetloo  soils  where  such 
soils  ere  eatlclpeted  to  be 
cooprcsslblc 

Ob  seaples  of  fine-grained 
adjacent  and/or  underlying 
oeterlels  at  structure 
locations 

Generally  oot  required  for  finc- 
gralaed  coheslve'seils  as  such 
soils  can  be  assuaed  to  be 
essentially  iapervious  la 
seepage  analyses.  Can  be 
coaputed  froo  consolidation 
testa 

Pocket  penetroaeter  and  alnlature 
vane  (Torvaae)  for  rough 
estlaates 

Uacoafined  eoopresslon  tests  on 
saturated  foundation  clays 
without  Joints,  fissures,  or 
sllckensldes 

Appropriate  9-  aad  R-trlaxial  and 
S-direct  shear  tests  on  repre¬ 
sentative  saaples  of  both  foun¬ 
dation  and  coapacted  borrow 
soils 
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Table  D.6 


Teat 

Ruraeae 

SeoBe  of  Teat  Inc 

Vlaual  claaalflcetlea 

To  elaually  claaalflr 
the  aoll  la  accord* 
ance  with  the 

Uairied  SoU  Claaal* 
fleet lea  Syatea 

All  aaaplea 

Cradatlea 

Oeteralae  crala*alae 
dlatrlbutiea  for 
claaairieatlea  aad 
eerrelatloa  vlth 
peraeabllltjr  aad/or 
•hear  atreadth 
paraaetera 

of  fouadatlee  tad 
borrow  aaterlala 

Relative  deaalty 
or  coapaetloa 

Oeteralae  alalaua- 
•aalata  deaaltp 
valuta  or  aaalavai 
dentlty  aad  eptlat« 
water  eoateat  waluea; 
ihould  uae  the  teat 
which  glvea  greateat 
■/aluea  of  aaala«a 
denalty 

Repreacatatlve  taaplea 
of  all  borrow 

aaterlala 

Coaaolldatloa 

To  provide  paraaetera 
aeceaaary  for  aet- 
tleaeat  aaaljrala 

let  geaerally  retired 
aa  pervlout  aolla 
eonaollaate  rapidly 

?«rac«bllltr 


T«  provide  p«rMi«t«rs 
Dec  •••417  for  »••>- 

•a*  4n4ijr«t* 


Slicmr  itrcDcta 


TQ  pr«rTl4«  p4raMt«n 
aectiamrp  for  at*- 
btlltp  aiiDlTalD 


under  loed  uad  poet- 
eooatruetloa  Baaitltade 
It  utudlljr  auch  ••  M 
be  tDttgnirieeat 

lot  uauelly  perfonted 
41  eorrel4ttoo*  vltb 
ITDlD  •!••  4re  Dor> 
4411/  of  suffleleot 
4ecur4cp.  Where 
uaderacepeae  probleee 
are  eery  >erlous, 
best  to  use  retulta 
froa  field  p\aptaa 
teat 

Repreaeatattre  •aaplee 
of  eeapected  borroe 
•ad  feuadatloB  aoUa. 
Coaael  i  dated -^reined 
atreaatba  froa 
S-dlrect  abear  or 
trlaxial  teata  are 
appropriate  for  free- 
dralataa  perelma 
•olXa 

Coaaervatlee  ealuca  of 
0  caa  uauallr  be 
aaauaed  baaed  oa 

S-teet  reaulta  frea 
•lallar  aolla 
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water  contents.  Since  dike  construction  Is  normally  In  low  wet  areas,  prob¬ 
lems  with  materials  being  too  dry  are  rarely  encountered. 

Materials  of  high  water  content  must  either  be  dried  to  a  water  content 
suitable  for  the  desired  type  of  construction,  or  the  design  must  take  into 
account  the  fact  that  the  material  has  a  high  water  content.  Because  the  cost 
of  drying  material  is  very  expensive,  time  consuming,  and  highly  dependent  on 
weather  conditions,  the  design  should  Incorporate  the  properties  of  the  mate¬ 
rial  at  Its  natural  water  content  or  Involve  a  minimum  of  drying. 

Material  Sources.  Consideration  of  above  factors  and  the  necessary 
engineering  and  economic  criteria  for  a  given  containment  area  construction 
project  requires  careful  analysis  of  all  available  material  sources.  Possible 
sources  are  listed  In  the  following  paragraphs. 

a.  Required  excavation.  Material  from  required  excavations  should  be 
given  first  consideration  since  It  Is  usually  the  most  economically  desirable 
because  It  must  be  excavated  and  disposed  of  In  any  event.  Included  In  this 
category  Is  material  from  adjacent  ditches,  canals,  appurtenant  structures, 
and  material  from  Inside  the  containment  area.  The  use  of  material  from 
required  excavation  also  eliminates  the  problem  of  dealing  with  borrow  areas 
left  permanently  exposed  after  project  completion. 

b.  Material  Adjacent  to  Dike  Toe.  This  Is  the  most  common  source  of 
dike  material  because  It  involves  a  short  or  no  haul  distance  and  Is  conducive 
to  dragline  operation.  One  important  factor  not  to  be  overlooked  when  utiliz¬ 
ing  any  source  of  borrow  near  a  dike  Is  effects  of  excavation  on  dike  stabil¬ 
ity.  As  shown  In  Figure  D.15,  a  berm  should  be  left  In  place  between  the  toe 
of  the  dike  and  the  excavation  to  ensure  stability  of  the  dike  and  facilitate 
construction.  The  length  of  this  berm  should  be  based  on  stability  analyses 
of  the  dike  and  the  excavation. 

c.  Central  Borrow  Area.  A  central  borrow  is  normally  utilized  when 
suitable  material  cannot  be  economically  obtained  from  sources  previously  men¬ 
tioned.  Central  borrow  areas  can  be  utilized  for  both  hauled  and  hydraulic 
fill  dikes.  Dredging  from  a  water-based  central  pit  is  usually  an  economical 
source  of  borrow  where  hydraulic  fill  dikes  are  to  be  constructed.  Usually  a 
deeper  pit  with  a  smaller  surface  area  Is  the  most  economical  since  the  less 
movement  required  by  the  dredge,  the  cheaper  the  operation.  The  chief  disad¬ 
vantage  of  hauling  material  from  land-based  central  pits  is  the  longer  haul 
distance  required. 


Figure  D.15.  Excavation  adjacent  dike  toe 


d.  Maintenance  Dredging.  Maintenance  dredging  la  a  very  economical 
source  of  material.  However,  fine-grained  material  from  maintenance  dredging 
la  not  suitable  for  dike  construction  without  considerable  drying  as  It  has 
extremely  poor  engineering  qualities  In  the  "dredged"  state.  Sands  and  pre¬ 
dominately  coarser  grained  materials  from  maintenance  dredging  are  desirable 
for  dike  construction.  Zones  around  the  dredge  discharge  usually  will  provide 
the  highest  quality  material.  Use  of  previously  placed  dredged  material  from 
maintenance  operations  has  been  common  for  the  raising  of  existing  dikes  since 
it  is  so  readily  available  and  its  use  Increases  the  capacity  of  the  retention 
area. 

Borrow  Area  Operations.  Efficient  borrow  area  operations  will  result  in 
greater  cost  savings  and  reduce  the  Impact  to  surrounding  environments.  The 
following  paragraphs  outline  important  factors  to  consider  when  conducting 
borrow  area  operations. 

a.  Clearing,  grubbing,  and  stripping.  Clearing,  grubbing,  and  stripping 
of  borrow  areas  should  be  carried  out  to  obtain  fill  material  free  from  objec- 
tlonal  matter  such  as  trees,  brush,  vegetation,  stumps,  roots,  and  organic 
soil.  In  marshy  areas,  a  considerable  depth  of  stripping  may  be  required  due 
to  the  frequent  existence  of  3-  to  4-ft  root  mats,  peat,  and  underlying  highly 
organic  soil.  However,  such  operations  may  be  restricted  In  soft  marshy  areas 
because  of  lack  of  support  for  equipment.  All  stripped  organic  material 
should  be  wasted  in  low  areas  or,  where  useable  as  topsoil,  stockpiled  for 
later  placement  on  outer  dike  slopes,  berms,  exposed  borrow  slopes,  or  other 
areas  where  vegetative  growth  Is  desired. 
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b.  Excavation.  Excavation  operations  In  borrow  areas  should  be  care¬ 
fully  planned  with  consideration  given  to  proximity  of  areas  to  the  dike, 
topography,  location  of  groundwater  table,  possible  excavation  methods  and 
equipment,  and  surface  drainage.  The  operation  should  be  conducted  so  that  no 
useable  areas  will  become  Inaccessible,  thereby  causing  a  reduction  In  obtain¬ 
able  quantities. 

c.  Drainage .  Proper  drainage  of  borrow  areas  (entailing  control  of  sur¬ 
face  and  ground  water)  is  necessary  to  achieve  a  satisfactory  degree  of 
utilization.  Proper  drainage  of  borrow  areas  can  often  be  achieved  by  working 
the  area  In  accordance  with  natural  topography  and  drainage  patterns.  Many 
times,  however,  natural  drainage  Is  poor  and  the  only  choice  Is  to  begin  at 
the  lowest  point  and  work  toward  the  higher  areas,  thus  creating  a  sump  to  aid 
In  draining  the  work  area.  In  some  cases  pumping  of  sumps  or  low  areas  may  be 
necessary.  Maximum  utilization  of  ditches,  especially  in  shallow  borrow 
areas,  should  be  made,  as  ditches  provide  a  cheap  method  of  controlling  water 
and  drying  material.  It  Is  desirable  that  the  ditching  be  done  well  ahead  of 
the  excavation,  especially  In  fine-grained  soil.  This  allows  maximum  drying 
of  the  material  prior  to  excavation. 

d.  Environmental  considerations.  The  treatment  of  permanently  exposed 
borrow  areas  to  satisfy  aesthetic  and  environmental  considerations  has.  In  the 
past  few  years,  become  standard  operating  practice.  Generally,  projects  near 
heavily  populated  or  industrial  areas  will  require  more  elaborate  treatment 
than  those  In  sparsely  populated  areas.  Minimum  treatment  should  Include 
proper  drainage,  topographic  smoothing  and  blending,  and  promotion  of  condi¬ 
tions  conducive  to  vegetative  growth.  Insofar  as  possible,  borrow  areas 
should  be  planted  to  conform  to  the  surrounding  landscape.  Restoration  of 
vegetative  growth  is  important  because  It  is  not  only  aesthetically  pleasing 
but  serves  as  protection  against  erosion  and  promotes  wildlife  habitation. 

Mann  et  al.  (1975)  should  be  consulted  for  more  detailed  Information  concern¬ 
ing  landscaping  techniques. 

Design  and  Construction  Considerations 

General.  Factors  that  should  be  considered  in  the  design  and  construc¬ 
tion  of  retaining  dikes  are  foundation  conditions;  dike  materials;  dike  sta¬ 
bility  with  respect  to  shear  strength,  seepage,  settlement,  and  erosion;  and 
construction  methods.  Foundation  conditions  and  dike  materials  have  previ¬ 
ously  been  discussed.  The  purpose  of  this  section  is  to  present  some  of  the 


remaining  Items  to  be  considered  In  the  design  and  construction  of  retaining 
dikes . 

Dike  Geometry.  Dike  geometry  refers  to  crown  width,  height,  and  side 
slopes.  Because  these  variables  are  primarily  dependent  on  foundation  condi¬ 
tions,  embankment  materials,  construction  methods,  and  project  objectives,  it 
Is  not  possible  to  arrive  at  many  specific  recommendations  relative  to  the 
geometry  of  dike  cross  sections  that  can  be  generally  applied  to  all  dikes 
regardless  of  site  conditions  and  project  requirements.  A  summary  of  some 
dike  cross  sections  constructed  in  various  CE  districts  is  given  In 
Table  D.7. 

Dike  Materials  and  Foundation.  The  types  of  materials  available  for 
building  a  retention  dike  are  the  most  Important  of  all  variables  In  the 
selection  of  a  dike  section.  Available  materials  not  only  affect  the  design 
of  a  dike  from  the  stability  standpoint  but  usually  also  dictate  the  method  of 
construction.  Where  materials  with  suitable  engineering  properties  for  dike 
construction  are  either  unavailable  In  the  Immediate  vicinity  of  the  disposal 
area  or  are  not  accessible  to  conventional  types  of  hauling  or  casting  equip¬ 
ment,  hydraulic  dredging  of  material  may  be  the  only  practical  means  of  con¬ 
struction  available.  In  such  cases,  the  dike  may  have  a  high  factor  of  safety 
with  respect  to  stability  because  of  the  very  flat  side  slopes,  but  still  be 
more  economical  than  a  smaller  section  constructed  by  other  methods.  Where 
adequate  borrow  material  Is  available,  construction  of  a  dike  system  utilizing 
draglines  or  hauling  equipment  may  be  the  most  economical.  Where  a  competent 
dike  foundation  exists,  considerable  flexibility  Is  available  for  selection  of 
the  dike  section.  As  the  adequacy  of  the  foundation  decreases,  the  flexibil¬ 
ity  In  selection  of  the  section  and  method  of  construction  also  decreases. 

Method  of  Construction.  Dike  embankments,  classified  according  to  gen¬ 
eral  construction  methods,  are  listed  In  Table  D.8.  The  choice  of  construc¬ 
tion  will  be  governed  by  available  materials,  foundation  conditions,  and 
economics.  As  can  be  seen  In  Table  D.8,  there  are  basically  three  types  of 
embankments  with  respect  to  material  placement  and  compaction:  compacted, 
semicompacted ,  and  uncompacted.  Classification  by  these  means  does  not  neces¬ 
sarily  refer  to  the  end  quality  of  the  embankment,  rather  it  specifically 
refers  to  how  much  compaction  effort  and  water  content  control  was  applied  in 
construction  of  the  embankment. 


Table  D.8 

Dike  Classification  According  to  Method  of  Construction 


Coap«ct«4  laulae,  •prt«4,  4a4  ceap«et*4  vlth 

coapactlOB  aqulpaMt 
Raqutr**  ■paciriCBtlea  of: 

Watar  ceotaat  with  raipact  t* 
eptlaxa 

Looaa-lirt  thlekBca* 

Typa  eoapBctloa  aqul^aat  ai>4 

BUBbar  of  pajtt* 


RaqwlrtMBt* : 

a.  Stroaa  foun4atioa  of  low 

coaprattlblllty 

b.  fill  aatartal*  with  aatural  watar 

eeatant  riatonabljr  data  to 

•  paciria4  raacaa 
frowl4aa ; 

a.  St*tp-alopa4  aabankaiat,  oceupp- 

lB4  aiaiata  apaea 

b.  Stroac  aabanhaaat  of  low 

coHpraaalbllitx 


gaalcoapactte  10X1104  or  eaot  with  4ra«liaaa 

Coapocto4  with  favor  paaaaa  of 
llaht  rollar  or  coatrolla4 
traffic  of  baxillaa,  aproadiaa. 
or  ahoplae  a^xiipatat 
fill  aotorial  placad  at  aatxiral 
watar  coataat  (i.a..  ao  water 
eoBtaat  eootrel) 

UaxioUp  placad  ia  thiekor  lifta 
thoa  coapactad  acthod 


Uaad  whoro: 

a.  Stocp-alopad  eoapactad  oabankBcata 

art  aot  rooulrad 

b.  Ralatirtly  weak  foxuxdatlona  oziat 

that  caaaot  aupport  atacp-alopcd 
eoapactad  cabankacata 

c.  Uadortaapaca  raqulrcacats  ara  axieh 

Of  to  raqulra  a  wider  aab  '-want 
bata  thaa  la  aacaatary  fc  oa- 
pactad  aabankaaBta 

4.  Water  coataat  of  fill  aatarlal  or 
aaoxiat  of  ralafall  durlag  coa- 
atrxictlea  aaeaoa  la  tuch  aa  to 
aot  Juatlfy  coopactad  aabaivk- 
aaata,  but  low  enough  to  aupport 
aqutpaaat 


Uaeoapactad  laxUad  (dxapad  ia  place),  eaat,  or  Uaad  where: 

pxaipod  hydraxili tally  a.  Baarby  oatarlala  art  Inadrqxiata 

Little  or  ao  apraadiag  or  coaipaetloo  for  ceapactad  or  aaaicoapactad 

Uaually  ahapad  to  fiaal  liaea  aad  eoaatructioa 

grade  b.  It  ia  the  Boat  aronooScal  aathod 

Bo  lift  thiekaeaa  eoetrol  of  placcBaot 

fill  Mtarlal  placed  at  aatxtral  c.  Dike  balghta  ara  low  for  cast  or 

water  coataat  (i.e.,  ao  xratar  coo-  dx<Bpad-ia>placa  oathoda 

teat  eoetrol)  d.  Rclatiwaly  xraah  foxuxdatlona  azlat 

a.  tebankacota  with  xrlde  basaa  ara 
required  for  atablllty  (for 
pxiapad  oathoda) 


Raising  of  Existing  Dikes.  Due  to  the  weakness  of  many  dike  foundations, 
the  height  to  which  a  dike  can  be  built  in  one  stage  is  often  limited.  This 
limits  the  capacity  of  the  containment  area.  Raising  existing  dikes  to  higher 
elevations  than  were  possible  initially  is  made  possible  by  consolidation  (and 
consequent  strength  gain)  of  foundation  materials  over  a  period  of  time  due  to 
the  Imposed  load  of  the  Initial  fill.  Construction  of  dikes  in  increments  Is 
usually  accomplished  by  incorporating  the  initial  dike  into  the  subsequent 
dike  as  shown  in  Figure  D.16a,  although  in  some  cases  interior  dikes  are 
constructed  at  some  distance  from  the  inside  toe  of  the  existing  dike  as  shown 
in  Figure  D.16b. 

Dike  Stability 

This  part  describes  common  causes  of  instability  In  dikes  and  presents 
recommended  methods  and  procedures  for  analyzing  dike  stability  with  respect 
to  Inadequate  foundation  and/or  embankment  shear  strength,  seepage,  settle¬ 
ment,  and  external  erosion.  The  analyses  described  and  referenced  herein 
contain  procedures  that  have  proven  satisfactory  from  past  use,  and  most  are 
currently  employed  by  the  CE.  WES  Technical  Report  D-77-9  contains  specific 
details  concerning  dike  stability. 

Causes  of  Dike  Instability. 

a.  Inadequate  shear  strength.  Shear  failures  in  retaining  dikes  are  the 
result  of  overstressing  the  embankment  and/or  foundation  materials,  l.ow  shear 
strengths  in  the  dike  and/or  foundation  (often  coupled  with  seepage  effects' 
are  the  cause  of  most  dike  failures.  Failures  of  this  type  are  usually  the 
most  catastrophic  and  damaging  of  all  since  they  usually  occur  quickly  and  car. 
result  in  the  loss  of  an  entire  section  of  dike  along  with  the  contained 
dredged  material.  These  failures  may  Involve  the  dike  alone  or  both  the  dike 
and  the  foundation.  Failures  within  a  dike  alone  result  when  the  dike  mate¬ 
rial  possesses  insufficient  shear  strength.  Failures  of  this  type  generally 
take  the  form  of  a  rotational  slide  involving  the  dike  slope  cs  shown  In 
Fig.  D.17.  However,  if  a  weak  plane  or  layer  should  exist  at  the  contact 

between  the  dike  fill  and  the  foundation,  the  failure  could  take  the  form  of  a 

wedge-type  configuration  characterized  by  horizontal  sliding  or  translation 
near  the  base  of  the  fill  (see  Fig.  D.18).  Rotational  type  slides  as  shown  in 

Fig.  D.19  also  occur  that  Involve  the  foundation  as  well  as  the  embankment. 

This  type  of  failure  generally  develops  where  the  foundation  is  relatively 
homogeneous  with  insufficient  foundation  shear  strength  being  the  usual  cause 
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SUBSEQUENT  DIKES 


SUBSEQUENT 
PUMPINGS  OF  .. 
DREDGED  MATERIAL 


a.  INCORPORATION  OF  INCREMENTAL  DIKES 


b.  SEPARATE  INCREMENTAL  DIKES 
Figure  D.16.  Incremental  or  stage  construction  of  dike 


omecriON  of  sliding 


Figure  D.17.  Rotational  failure  In  dike 


OlUfCTION  OF  SLIDING 


Figure  D.18.  Translatory  failure  In  dike 
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CROSS  SECTION  OR  FAILURE 


Figure  D.19.  Rotational  failure  Involving 
both  dike  and  foundation 


Figure  D.20.  Translatory  failure  In  dike  and  foundation 


I*  •  >  •*■_••»  !•*  •_* 


of  failure.  A  translatory  or  wedge-type  failure  can  also  occur  In  the  founda¬ 
tion  where  the  foundation  consists  of  stratified  layers  of  various  soil  types 
(see  Fig.  D.20).  Horizontal  sliding  generally  occurs  in  one  of  the  weaker 


strata  in  the  foundation. 


b.  Seepage.  Uncontrolled  seepage  will  occur  through  earth  dikes  and 
foundations  consisting  of  pervious  or  semipervious  material  unless  prevented 
by  positive  means  such  as  impervious  linings,  blankets,  or  cutoffs.  Seepage 
effects  can  create  instability  through  internal  erosion  (piping)  of  dike  or 
foundation  materials  or  may  lead  to  a  shear  failure  by  causing  a  reduction  in 
the  available  shear  strength  of  the  dike  and/or  foundation  through  Increased 
pore  pressure  or  by  the  introduction  of  seepage  forces.  The  following  condi¬ 
tions  may  create  or  contribute  to  seepage  problems  in  retention  dikes: 

(a)  Dikes  with  steep  slopes  composed  of  coarse-grained  pervious 
material  or  fine-grained  silt.  In  this  case  the  seepage 
line  through  the  embankment  may  exit  on  the  outer  slope 
above  the  dike  toe  resulting  in  raveling  of  the  slope.  If 
the  dike  contains  alternating  layers  of  pervious  and  imper¬ 
vious  materials,  the  seepage  surface  may  even  approach  a 
horizontal  line  at  the  ponding  surface  elevation,  thus  cre¬ 
ating  an  even  more  severe  stability  problem  (Fig.  D.21). 

(b)  Dikes  built  on  pervious  foundation  materials  or  where  per¬ 


vious  materials  are  near  the  surface  or  exposed  as  a  result 


of  nearby  excavation  (Fig.  D.22).  This  is  a  common  condi¬ 


tion  where  dikes  are  constructed  by  dragline  using  an  adja¬ 


cent  borrow  ditch.  In  this  case  surface  or  near-surface 


peat  and  other  fibrous  materials  are  Included  as  pervious 
foundation  materials.  This  condition  may  lead  to  the  devel¬ 
opment  of  large  uplift  pressures  beneath  and  at  the  outer 
toe  of  the  dike  causing  overall  instability  from  Inadequate 
shear  strength  or  may  result  in  piping  near  the  embankment 


(c)  Dikes  constructed  by  casting  methods  with  little  or  no  com¬ 


paction.  This  method  of  construction  may  leave  voids  within 
the  dike  through  which  water  can  freely  flow,  resulting  in 
piping  of  dike  material. 


Figure  D.21.  Seepage  lines  through  dike 


Figure  D.22.  Seepage  entrance  through  area  excavated 
within  disposal  area 


(d)  The  existence  of  seepage  paths  along  the  plane  between  the 


foundation  and  the  dike.  Reasons  for  the  occurrence  of  this 


condition  have  been  described  previously.  Seepage  occurring 
at  this  point  can  result  in  piping  of  the  embankment 
material  along  the  base  of  the  dike  or  the  development  of 
high  uplift  pressures,  either  of  which  can  eventually  cause 


failure  of  the  embankment. 


(e)  The  existence  of  seepage  paths  along  the  contact  between 


structures  within  the  dike  and  the  dike.  This  condition  can 


be  caused  by  Inadequate  compaction  of  dike  materials  against 
structures,  shrinkage  of  material  adjacent  to  structures,  or 
differential  settlement.  As  In  previous  cases,  piping  of 
the  dike  material  usually  results  and  normally  leads  to 
breaching  of  the  dike. 


c.  Dike  settlement.  Settlement  of  dikes  can  result  from  consolidation 


of  embankment  and/or  foundation  materials,  shrinkage  of  embankment  materials, 
or  lateral  deformation  of  foundation  materials.  Like  uncontrolled  seepage, 
settlement  of  dikes  can  result  in  failure  of  the  dike,  but  more  likely  will 
ser^'e  to  precipitate  failure  by  another  mode  such  as  seepage  or  shear  failure. 
Distress  from  settlement  usually  takes  some  time  to  develop  as  consolidation, 
shrinkage,  and  lateral  deformation  are  time  dependent  and  are  directly  related 
to  the  soil  permeability  and  loading.  Some  lateral  deformation  can  occur 
quickly,  however,  such  as  during  construction  (particularly  in  relation  to  the 
displacement  method  of  construction).  Settlement  problems  in  dikes  are  almost 
always  related  to  fine-grained  soil  because  settlement  of  coarse-grained  per¬ 
meable  soil  is  generally  much  less,  occurs  relatively  quickly,  and  Is  com¬ 
pensated  for  during  construction. 

Specific  forms  of  settlement  that  commonly  cause  problems  with  dikes 
Include:  excessive  uniform  settlement;  differential  settlement;  shrinkage  of 
uncompacted  embankment  materials;  and  settlement  resulting  from  lateral 
deformation  (sometimes  referred  to  as  creep)  of  soft  foundation  soil.  Exces¬ 
sive  uniform  settlement  can  cause  a  loss  In  containment  area  capacity  due  to 
loss  of  dike  height  (Fig.  D.23).  Differential  settlement  can  result  in 
cracking  of  the  dike,  which  can  lead  to  a  shear  or  piping  failure.  This  Is  an 
especially  acute  problem  at  junctions  between  dikes  and  structures  In  dikes. 
Examples  of  differential  settlement  resulting  various  causes  are  shown  in 


k 


Figs.  D.24  and  D.25.  Both  excessive  uniform  and  differential  settlement  can 
cause  distortion  and/or  rupture  of  weir  discharge  pipes  located  under  nr 
through  dikes  and  can  cause  distortion  of  the  weir  box  Itself.  Embankment 
shrinkage  in  dikes  built  with  fine-grained  cohesive  material  by  hydraulic  or 
cast  methods  can  result  in  volume  reductions  as  high  as  35  percent.  Shrinkage 
of  loosely  placed  cohesive  materials  is  differentiated  from  consolidation  In 
that  it  occurs  from  evaporation  of  water  In  the  soil  rather  than  a  squeezing 
out  of  water,  as  occurs  with  consolidation,  although  both  result  In  a  loss  of 
volume . 

d.  Erosion.  Retaining  dike  failures  can  be  Initiated  by  the  effects  of 
wind,  rain,  waves,  and  currents  that  can  cause  deterioration  of  interior  and 
exterior  dike  slopes.  The  exterior  slopes  of  dikes  subject  to  constant  or 
Intermittent  wave  and/or  current  action  of  tidal  or  flood  waters  are  generally 
exposed  to  the  most  severe  erosion.  However,  interior  dike  slopes  may  also  be 
subjected  to  this  type  of  erosion,  particularly  in  large  containment  areas. 
Dikes  adjacent  to  navigable  rivers  and  harbors  are  also  subject  to  erosion 
from  wake  waves  of  passing  vessels. 

e.  Weathering.  Erosion  of  dike  slopes  due  to  the  effects  of  wind, 
rain,  and  Ice  is  a  continuing  process.  While  these  forces  are  not  as  immedi¬ 
ately  damaging  as  wave  and  current  action,  they  can  gradually  cause  extensive 
damage  to  the  dike  section,  particularly  dikes  composed  of  coarse-grained 
cohesionless  materials. 

f.  Disposal  operations.  Normal  disposal  operations  can  cause  erosion 
of  interior  dike  slopes  near  the  pipeline  discharge  and  exterior  slopes  at 
outlet  structures.  Improper  and/or  poorly  supervised  operations  of  this  type 
can  cause  dike  failure.  The  pipeline  discharge  of  dredged  material  is  a  pow¬ 
erful  eroding  agent,  particularly  If  the  flow  is  not  dispersed. 

Slope  Stability.  The  stability  of  dike  slopes  Is  dependent  on  forces 
acting  on  the  dike  and  on  shear  strengths  of  embankment  and  foundation  materi¬ 
als.  Forces  that  the  slope  must  resist  include  those  from  embankment  weight, 
unbalanced  water  pressure,  seeping  water,  and  external  loads  such  as  equip¬ 
ment,  water,  etc.  As  previously  discussed,  many  factors  can  affect  dike 
stability.  WES  TR-77-9  presents  methods  of  slope  stability  analyses  along 
with  discussions  of  various  possible  loading  conditions,  determination  of 
design  shear  strengths,  and  recommended  minimum  factors  of  safety.  Also  dis¬ 
cussed  are  methods  of  Improving  dike  stability  against  shear  failure.  The 


material  I 
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b.  COMPRESSIBILITY  OF  MATERIAL  2  <<  MATERIAL  1 


Figure  D.24.  Differential  settlement  from  foundation  containing 
materials  of  different  compressibility 
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methods  and  procedures  described  are  applicable  to  all  types  of  dikes  such  as 
main,  cross,  spur,  and  Coe  dikes,  as  well  as  dikes  built  by  various  construc¬ 
tion  methods. 

Dike  Construction 

General .  As  previously  discussed,  the  method  of  dike  construction  is  of 
primary  importance  and  can  have  a  profound  effect  on  the  final  dike  cross  sec¬ 
tion.  Generally  speaking,  there  are  three  basic  categories  of  dike  construc¬ 
tion:  hauled,  cast,  and  pumped  (hydraulic  fill).  Of  course,  there  are  many 

variations  and  comblnat Ions  of  these  methods  that  can  and  have  been  used. 

The  purpose  of  this  part  of  the  report  is  to  discuss  some  of  the  salient  fea¬ 
tures  of  each  type  of  construction,  including  advantages  and  disadvantages, 
applicability,  inherent  effects  on  the  dike  cross  section,  effect  of  material 
types,  etc. 

Equipment .  Types  of  equipment  commonly  used  in  dike  construction  are 
listed  in  Table  D.9  according  to  the  operation  they  perform.  Most  of  the 
equipment  listed  is  commonly  used  in  construction.  However,  because  many 
dikes  are  founded  on  soft  to  very  soft  ground,  low-ground-pressure  equipment 
must  often  be  used. 

a.  Bulldozers .  Bulldozers  are  often  used  for  spreading,  compacting,  and 
shaping  fill  material  for  dike  construction.  They  are  used  in  construction  of 
nearly  all  types  of  dikes  Including  hauled,  cast,  and  pumped.  They  are  also 
extensively  utilized  in  foundation  preparation.  Conventional  crawler  tractors 
that  exert  ground  i)ressures  of  about  8  psi  and  higher  are  often  unable  to 
operate  on  soft  ground.  Several  equipment  manufacturers  now  offer  modified 
tractors  with  lower  ground  pressures  made  especially  for  soft-ground  construc¬ 
tion.  These  machines  utilize  wider  tracks  and  exert  ground  pressures  of  4  psi 
and  lower. 

b.  Draglines .  Draglines  are  used  to  construct  cast  dikes.  Through  the 
use  of  wide-track  machinery  and/or  proper  matting  techniques,  draglines  can 
operate  in  areas  so  soft  that  they  are  almost  inaccessible  to  a  person  on 
foot.  This  often  requires  use  of  a  timber  matting  under  the  dragline  that  can 
he  single,  double,  or  triple  layers  of  timber. 

While  small  draglines  may  exert  less  ground  pressure  and  may  be  more 
maneuverable  than  larger  machines,  they  are  often  at  a  disadvantage  due  to 
their  siiort  boom  and  small-capacity  bucket.  Their  short  reach  (about  40  ft) 
frequently  necessitates  rehandling  material.  Also,  the  small  bucket  tends  to 
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Table  D.9 

EqulpnisBt  Connnonly  Used  in  Dike  Construction 


Operation 

Excavation 


Transportation 


Spreading 

Scarification 

Compaction 


Shaping 


Equipment 


Draglines 

Scrapers 

Dredges 

Scrapers  (hauled) 
Truck  (hauled) 
Draglines  (cast) 
Dredges  (pumped) 

Bulldozer 

Disk 

Sheepsfoot  roller 
Pneumatic  roller 
Vibratory  roller 
Bulldozer 
Hauling  equipment 

Bulldozer 

Dragline 
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greatly  disturb  the  material  being  excavated,  which  is  a  distinct  disadvantage 
when  working  sensitive  materials. 

When  excavating  soft  weak  material  along  the  proposed  dike  alignment,  a 
wide  shallow  cut  is  the  most  desirable  and  feasible  geometric  shape.  To  suc¬ 
cessfully  handle  this  operation,  draglines  with  60-  to  70-ft  booms  and  1-1/4- 
to  2-cu-yd  buckets  have  been  found  adequate.  Their  use  will  allow  utilization 
of  a  wide  shallow  borrow  cut  with  a  minimum  of  disturbance  to  the  material. 
Also,  these  size  machines  have  been  found  adequate  for  operation  on  soft 
ground . 

Barge-mounted  draglines  are  used  extensively  in  areas  where  the  ground- 
water  table  is  at  or  very  near  the  ground  surface.  These  machines  excavate 
their  own  waterway  ahead  and  cast  material  to  the  side  to  form  the  dike.  This 
technique  allows  the  use  of  very  large  machines.  These  machines  can  excavate 
and  place  about  14,000  cu  yd  of  material  in  a  24-hr  period. 

Pontoon-mounted  draglines  that  can  actually  float  are  also  useful  on 
very  soft  ground  or  in  shallow  inundated  areas.  These  machines  have  wide 
tracks  mounted  around  pontoons.  The  disadvantage  of  these  machines  is  their 
smaller  size.  Pontoon-mounted  draglines  are  often  used  for  the  construction 
of  toe  dikes  used  in  connection  with  the  pumping  of  hydraulic  fill. 

c.  Dredges .  Hydraulic  cutterhead  dredges  are  most  often  used  to  con¬ 
struct  hydraulic  fill  dikes  as  they  are  equipped  to  pump  the  dredged  material 
to  the  disposal  site  through  a  pipeline  simultaneously  with  the  dredging 
operation.  Other  types  such  as  hopper  and  bucket  dredges  have  the  disadvan¬ 
tage  of  either  having  to  stop  dredging  and  transport  the  material  to  the  site 
or  load  in  onto  scows  for  transportation.  There  are  many  variations  and  sizes 
of  hydraulic  cutterhead  dredges  in  use  today,  and  the  type  and  size  dredge  can 
affect  the  condition  of  the  pumped  material,  especially  clay.  For  detailed 
information  on  dredges,  reference  should  be  made  to  "Hydraulic  Dredging"  by 
Huston  ( 1970) . 

d.  Compaction  Equipment.  There  are  three  principal  types  of  rollers 
for  earthwork  compaction:  sheepsfoot ,  pneumatic,  and  smooth-drum  vibratory 
rollers.  The  sheepsfoot  roller  is  for  compaction  of  cohesive  materials;  the 
smooth-drum  vibratory  roller  for  cohesionless  materials;  and  the  pneumatic 
roller  can  be  used  on  both  types  of  materials,  but  is  primarily  for  cohesive 
materials.  EM  1110-2-1911  (OCE  1972)  contain  detailed  descriptions  of  these 
rollers  including  uses,  features,  advantages,  and  disadvantages  of  each. 


Construction  Control.  Thorough  inspection  of  all  operations  involved  in 
the  dike  c^*>ocructlon  is  necessary.  Exact  items  to  be  closely  monitored  dur¬ 
ing  construction  will  vary  with  the  design  and  method  of  construction.  Some 
items  pertinent  to  all  projects  are: 

(a)  Familiarization  of  field  personnel  with  the  plans  and 
specifications  for  the  disposal  area. 

(b)  Interaction  between  the  design  engineer  and  field  personnel. 

(c)  Preparation  and  distribution  of  a  document  entitled 
"Instructions  to  Field  Personnel." 

(d)  Familiarization  of  field  personnel  with  the  borrow  sources. 

(e)  Continuous  Inspection  of  dike  construction  by  field 
personnel . 

(f)  Maintenance  of  good  records. 

Dike  Construction 

Hauled  Dikes 

Hauled  dikes  are  defined  as  dikes  built  by  fill  hauled  in  from  borrow 
areas,  usually  by  trucks  or  scrapers.  Hauled  dikes  can  be  compacted ,  semi- 
compacted,  or  uncompacted,  depending  on  treatment  the  material  receives  after 
deposition  by  the  hauling  equipment.  However,  when  hauling  procedures  are 
used,  most  dikes  will  be  compacted  or  semlcompacted . 

Compacted  Dikes.  The  main  advantage  of  a  compacted  dike  is  that  it 
results  in  the  highest  quality  embankment  occupying  the  least  amount  of  space. 
It  is  also  a  product  in  which  the  designer  can  have  the  best  assurance  of 
obtaining  what  has  been  designed.  Disadvantages  include  a  relatively  high 
cost  and  the  fact  that  it  requires  a  reasonably  competent  foundation,  one  item 
that,  due  to  most  prevailing  dike  foundation  conditions,  somewhat  limits  its 
applicability  to  dike  construction. 

Semlcompacted  Dikes.  Semlcompacted  dikes  usually  are  built  on  weaker 
foundations  than  compacted  dikes  and  can  provide  a  stable  dike  at  a  lower  unit 
price  than  compacted  dikes.  Normally,  semlcompacted  dikes  are  built  of  mate¬ 
rials  placed  at  their  natural  water  content.  Semlcompacted  dikes  are  often 
specified  because  of  oft-required  large  sections  with  flat  slopes,  which  would 
result  in  an  uneconomical  and  impracticable  design  if  a  fully  compacted  dike 
were  specified.  Disadvantages  of  semlcompacted  dikes  include  the  larger 


section  usually  required  and  the  uncertainty  as  to  the  end  product  with 
respect  to  uniformity  of  compaction. 

Uncompacted  Dikes.  About  the  only  advantage  of  an  uncompacted  hauled 
dike  is  the  fact  that,  due  to  foundation  conditions,  it  may  be  the  only  type 
of  dike  that  can  be  built.  It  is  also  a  low-cost  construction  method.  How¬ 
ever,  with  uncompacted  dikes,  there  is  considerable  uncertainty  as  to  the  end 
product,  and  estimating  required  quantities  of  material  with  any  degree  of 
accuracy  is  often  a  hopeless  task.  Also,  there  is  little  or  no  guarantee  that 
the  design  elevation  will  be  attained  due  to  uncertainty  as  to  the  amount  of 
settlement  of  the  embankment.  Uncompacted  hauled  dikes  should  only  be  consid¬ 
ered  if  construction  of  other  types  of  dikes  appears  impossible. 

Hauling,  Spreading,  and  Blending.  Where  borrow  conditions  permit  and 
where  space  on  the  fill  is  sufficient  for  turning,  scrapers  are  the  most 
economical  means  of  moving  fill.  Where  borrow  areas  are  too  wet  to  allow 
direct  excavation  and  trafficking,  transportation  can  be  by  trucks  loaded  by 
clamshell,  dragline,  or  other  excavating  equipment.  After  dumping,  the  mate¬ 
rial  is  spread  to  the  proper  loose  lift  thickness  by  a  dozer.  For  compacted 
fills,  the  material  should  be  thoroughly  worked  with  a  disk  (capable  of  cut¬ 
ting  through  the  entire  loose  lift)  after  spreading  and  prior  to  compaction. 
This  will  help  eliminate  lumps,  aid  in  a  more  uniform  distribution  of  mois¬ 
ture,  and,  in  general,  ensure  a  more  homogeneous  fill  material.  When  moisture 
control  is  specified  and  where  the  water  content  of  fill  material  is  too  high, 
disking  should  continue  until  the  water  content  is  reduced  to  an  acceptable 
level;  where  the  water  content  is  too  low,  water  should  be  added  and  the  mate¬ 
rial  disked  until  a  uniform  distribution  of  moisture  is  attained  at  an 
acceptable  water  content. 

Compaction  (Compacted  Fill)  .  Compaction  for  a  fully  compacted  fill  is 
usually  carried  out  by  one  of  the  rollers  listed  in  Table  D.9.  Sheepsfoot 
rollers  are  the  most  often  utilized  equipment  for  compacting  impervious  and 
semipervious  fill,  with  rubber-tired  rollers  being  used  to  a  lesser  extent. 
Loose-lift  thicknesses  for  the  sheepsfoot  and  rubber-tired  rollers  are  nor¬ 
mally  on  the  order  of  8  in.  and  10  to  12  in.,  respectively.  Scarification  by 
disking  of  lift  surfaces  after  compaction  to  ensure  good  bonding  between  lifts 
is  always  a  good  procedure  no  matter  what  type  of  compaction  equipment  is 
used,  but  is  a  necessity  when  a  rubber-tired  roller  is  used  because  of  the 
smooth  surface  left  by  the  roller.  A  vibratory  roller  is  the  best  means  of 


compacting  pervious  fill,  although  crawler  tractors  have  often  been  success¬ 
fully  employed  for  this  purpose.  Saturation  for  the  pervious  fill  during  com¬ 
paction  will  aid  in  the  compaction  process  but  Is  generally  not  a  necessity 
unless  very  high  densities  are  required.  Merely  sprinkling  the  material  prior 
to  compaction  has  little  if  any  bemfit  due  to  bulking  effects  that  result 
from  the  addition  of  only  a  minor  amount  of  water. 

Compaction  (Semlcompacted  Fill) .  Compaction  for  semicompacted  fill  is 
usually  accomplished  through  utilization  of  trafficking  of  hauling  and  spread¬ 
ing  equipment  on  the  fill,  although  in  some  instances  a  few  passes  of  a  light 
sheepsfoot  roller  or  a  dozer  is  specified  as  the  compaction  procedure.  When 
utilizing  traffic  compaction,  it  is  important  that  the  equipment  not  be 
allowed  to  track  (i.e.,  follow  in  the  same  set  of  tracks)  but  be  made  to 
operate  in  such  a  fashion  that  as  much  of  the  fill  surface  as  possible  is 
covered.  Tracking  not  only  results  in  an  appreciable  portion  of  the  fill 
obtaining  little  compaction,  but  also  often  results  in  rutting  and  pumping  of 
the  material  in  the  tracks. 

Special  Procedures  for  Soft  Foundations.  Due  to  the  difficulty  of  oper¬ 
ating  equipment  on  very  soft  foundations,  it  may  be  necessary  when  building 
compacted  or  semlcompacted  fill  to  first  construct  a  working  platform  over  the 
dike  base  area  upon  which  equipment  can  operate.  This  is  basically  an  uncom¬ 
pacted  layer  2  to  4  ft  thick  (only  as  thick  as  necessary  to  support  the  equip¬ 
ment)  formed  by  dumping  material  and  it  shoving  it  ahead  with  dozers 
(Fig  D.26)  until  the  platform  covers  the  entire  dike  alignment  or  necessary 
portion.  Coarse-grained  soils  are  the  best  materials  of  which  to  construct 
working  platforms,  but  fine-grained  materials  dry  enough  to  support  equipment 
have  also  been  successfully  employed.  If  coarse-grained  materials  are  used, 
some  sort  of  seepage  barrier  may  be  required  In  order  to  prevent  seepage 
through  the  platform.  Material  forming  the  platform  should  not  be  stockpiled 
on  the  platform  or  a  shear  failure  may  occur  in  the  foundation.  Only  small 
dozers  should  be  used  to  spread  and  shove  ahead.  When  required,  compaction  of 
the  platform  should  be  accomplished  by  using  more  passes  of  lighter  equipment 
(such  as  rubber-tired  hauling  or  loading  equipment)  or  tracked  equipment  (such 
as  dozers,  end-loaders,  etc.).  Where  the  foundation  is  extremely  weak,  it  may 
be  necessary  to  place  the  material  by  casting  it  over  the  area  with  a  small 
dragline  or  clamshell.  After  this  base  has  been  established,  controlled 
placement  and  compaction  procedures  may  commence. 
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a.  BULLDOZER  SPREADING  FILL 


DUMP  TRUCK 


TOP  OF  DIKE 


WORKING  PAD 

b.  DIKE  SECTION  WITH  WORKING  PAD 


Figure  D.26.  Construction  of  working  pad 

Uncompacted  Fill.  Placement  of  uncompacted  fill  by  hauling  refers  to 
fill  placed  by  end-dumping  and  shoving  ahead,  resulting  in  a  dike  section 
formed  by  the  displacement  technique  as  previously  discussed.  The  fill  above 
original  ground  does  get  some  compaction  from  hauling  equipment  and  dozers,  but 
such  traffic  is  usually  uncontrolled  and  results  in  essentially  an  uncompacted 
section.  In  using  this  method  of  construction,  the  item  of  greatest  concern 
is  ensuring  that  no  soft  material  is  trapped  in  the  fill. 

Construction  Control.  The  control  of  construction  operations  is  an 
extremely  important  facet  of  dike  operations.  Some  of  the  more  pertinent 
items  to  be  checked  during  construction  of  hauled  dikes  are  given  in 
Table  D.IO.  For  specific  Instructions  as  to  how  earthwork  operations  should  be 
controlled  during  construction,  reference  should  be  made  to  EM  1110-2-1911 
(OCt  1972)  and  "Earth  Manual"  (BOR  1963). 
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Table  D.IO 

Operations  or  Items  to  Be  Checked  During  Construction 


of  Hauled  Dikes 


e  Construction 


Items  or  Oneration  to  be  Checked 


Compacted 

Proper  fill  material 

Loose  lift  thickness 

Disking 

Water  content 

Type  of  compaction  equipment  and 
number  of  passes 

Density 

Semicompacted 

Proper  fill  material 

Loose  lift  thickness 

Water  content  (if  required) 
Number  of  passes  (if  required) 
Routing  of  hauling  and  spreading 
equipment 

Uncompacted 

(displacement  technique) 

Proper  fill  material 

Dumping  and  shoving  techniques 
Ensuring  fill  is  advanced  in 
V-shape  and  with  slopes  as 
steep  as  possible 

Elevation  of  fill  surface 
Prevention  of  rutting  of  fill 
surface  by  hauling  equipment 

Cast  Dikes 

Dikes  built  by  casting  material  up  with  draglines  are  termed  cast  dikes. 
This  procedure  Involves  use  of  a  borrow  ditch  parallel  to  the  dike  usually 
located  Inside  the  retention  area.  A  berm  is  left  between  the  dike  and  the 
borrow  ditch,  the  purpose  of  which  is  not  only  for  dike  stability,  but  also  to 
avoid  future  dike  increments  from  being  founded  on  soft  dredged  material  that 
is  deposited  in  the  ditch.  This  berm  also  provides  a  convenient  working 
platform  for  the  dragline. 

Cast  Dike  Construction  with  Dragline.  Casting  dikes  with  draglines  has 
been  a  very  common  method  of  dike  construction  in  the  past  due  to  its  low 
cost,  but  unfortunately  it  often  does  not  necessarily  result  in  an  adequate 
embankment.  This  is  primarily  due  to  the  fact  that  it  results  in  essentially 
an  uncompacted  dike  and  requires  relatively  steep  slopes  because  of  features 
inherent  to  draglines  (l.e.  limits  on  casting  distances).  Cast  dikes  can  be 
semicompacted  if  placed  in  lifts  and  shaped  and  compacted  by  a  bulldozer 
working  simultaneously  with  the  dragline.  However,  this  is  usually  not  the 
case  as  it  is  more  expensive  than  casting  a  dike  up  to  full  height  as  the 
section  advances  with  no  compaction. 

Foundation  Impacts.  Cast  dikes  on  very  soft  foundations  are  often  dif¬ 
ficult  to  construct  due  to  the  relatively  steep  slopes  required  that  can 
result  in  considerable  displacement  of  the  soft  foundation  as  well  as  frequent 
shear  failures.  Consequently,  dikes  constructed  by  casting  on  soft  founda¬ 
tions  sometimes  must  be  limited  to  a  few  feet  in  height  and  must  be  built  in 
increments , 

Construction  Procedures.  No  special  techniques  are  normally  required 
when  handling  firm  or  pervious  materials;  however,  soft  silt  and  clay  cannot 
be  handled  by  normal  methods  because  of  the  sensitivity  and  very  low  remolded 
strengths  these  materials  exhibit.  When  these  types  of  materials  are  handled, 
it  is  necessary  to  keep  disturbance  to  a  minimum.  During  excavation  of  soft 
materials,  a  special  effort  should  be  made  to  load  and  pick  the  bucket 
straight  up  rather  than  dragging  the  bucket  through  the  material.  Past  prac¬ 
tice  has  shown  this  procedure  to  create  the  least  amount  of  disturbance.  Dur¬ 
ing  unloading  it  is  desirable  to  place  the  material  in  its  desired  location 
and  dump  it  without  dropping  the  material  from  any  appreciable  height  (i.e., 
lay  it  in  place).  If  soft  material  is  dropped  from  a  height  greater  than 
about  1  to  2  ft,  the  material  will  tend  to  liquefy  and  flow  thus  creating  no 
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buildup  of  fill.  These  procedures  are  slower  than  usual  procedures  but  are 
often  the  only  means  of  obtaining  a  satisfactory  section.  For  purely  cast 
dikes  (i.e.,  no  compaction  specified)  of  flnn  or  pervious  materials,  some 
compaction  can  be  attained  by  dropping  the  bucket  on  the  fill;  however,  this 
procedure  should  not  be  used  on  soft  materials  due  to  reasons  previously 
discussed. 

After  the  desired  height  of  dike  is  attained,  the  dike  should  be  shaped 
to  final  lines  and  grades  with  a  bulldozer.  On  very  soft  materials  subject  to 
remolding,  shaping  may  have  to  be  done  after  the  dike  has  cured  for  awhile  and 
the  surface  material  dried  to  some  extent.  As  a  final  measure  after  shaping, 
the  dike  slopes  should  be  trackwalked.  This  will  greatly  aid  in  erosion  con¬ 
trol  until  a  vegetative  cover  is  established. 

Construction  Control.  Since  there  is  no  density  or  water  content  con¬ 
trol  for  cast  dikes,  construction  control  (other  than  ensuring  that  the 
embankment  is  being  constructed  to  the  proper  lines  and  grades)  consists 
primarily  of  determining  that  construction  procedures  are  in  compliance  with 
specification  requirements  and  are  proper  with  respect  to  providing  the 
desired  end  product.  For  cast  dikes  placed  in  lifts  and  semlcompacted , 
inspection  should  consist  of  ensuring  placement  of  material  in  the  proper  lift 
thickness  and  proper  coverage  by  the  compaction  equipment  specified.  For 
uncompacted  cast  dikes,  inspection  should  be  carried  out  to  ensure  that  the 
dike  material  is  being  placed  by  procedures  necessary  to  obtain  the  highest 
quality  embankment  obtainable.  Several  of  these  procedures  (i.e.  proper 
bucket  control,  placement  procedures,  etc.)  have  been  previously  discussed. 

For  any  type  of  construction  Involving  side  casting  techniques,  it  is  very 
Important  to  ensure  that  the  proper  width  of  berm  between  the  dike  toe  and 
excavation  ditch  is  obtained.  The  importance  of  this  berm  has  previously  been 
stressed.  It  is  also  very  important  on  jobs  where  construction  procedures  are 
very  critical  (such  as  cast  dikes  on  soft  foundations)  that  experienced  per¬ 
sonnel  be  assigned  to  construction  control.  In  doing  this,  many  problems  can 
be  avoided  and  those  that  do  occur  can  be  more  easily  solved  by  working 
closely  with  the  contractors,  who  may  or  may  not  be  experienced  in  the  area. 
Hydraulic  Fill  Dikes 

The  hydraulic  fill  method  of  dike  construction  consists  of  excavating 
material  with  a  dredge  and  pumping  the  resulting  mixture  of  soil  and  water 
through  a  pipeline  to  the  desired  area.  The  term  hydraulic  fill  as  used 


herein  is  defined  as  material  obtained  in  this  manner.  When  dike  material  Is 
obtained  from  the  area  to  be  dredged,  the  hydraulic  method  is  usually  the  most 
economical  means  of  construction  because  it  combines  both  excavation  and 
transportation  of  excavated  material  In  one  operation. 

Advantages .  The  hydraulic  fill  method  Is  an  economical  means  of  exca¬ 
vating  and  transporting  large  volumes  of  material  over  long  distances  and,  as 
such,  offers  a  practical  and  economical  means  of  establishing  a  wide  large- 
volume  dike  section  that  is  often  required  for  dikes  located  on  soft  weak 
materials  or  for  dikes  requiring  seepage  control.  The  use  of  the  hydraulic 
fill  method  in  areas  where  near-surface  materials  consist  of  soft  organic 
clay,  peat,  and  wood  can  provide  a  practical  and  economical  means  of  obtaining 
higher  quality  materials  that  may  exist  either  below  near-surface  materials  or 
in  areas  other  than  adjacent  to  the  dike  alignment.  The  higher  quality  mate¬ 
ria]  obtained  in  this  manner  may  be  either  stronger  clay  occurring  at  depth 
that  will  discharge  as  clay  balls  or  sandy  materials  from  nearby  lakes  or 
waterways.  A  dike  constructed  of  such  hydraulic  fill  will,  in  most  cases,  be 
more  desirable  from  the  standpoint  of  stability  and  through  seepage  than  will 
one  built  by  casting  methods  using  poor  near-surface  materials. 

The  use  of  suitable  hydraulically  dredged  material  for  initial  construc¬ 
tion  of  or  raising  retaining  dikes  can  result  in  a  more  efficient  and  effec¬ 
tive  use  of  a  given  disposal  area,  as  the  entire  available  disposal  area  is 
usable  for  placement  of  the  dredged  material.  It  may  also  eliminate  the  need 
for  performing  excavation  adjacent  to  the  dike  as  is  normally  required  in 
order  to  construct  the  dike  by  casting  methods.  As  previously  discussed,  such 
excavations  can  contribute  to  the  instability  of  the  dike  by  providing  a  more 
ready  access  for  seepage  beneath  the  dike  through  relatively  pervious  surface 
layers  of  highly  organic  peaty  marsh  deposits  or  through  substratum  sand 
layers  that  may  be  exposed  in  the  excavation. 

Disadvantages .  Water  is  the  transporting  agent  in  hydraulic  fill  and 
is,  therefore,  introduced  in  great  volume  into  the  fill  material.  This, 
coupled  with  the  fact  that  dredged  material  is  often  of  poor  engineering  qual¬ 
ity,  can  cause  initial  height  of  the  dike  to  be  limited  to  a  relatively  small 
value,  possible  long  time  lapses  between  the  hydraulic  filling  for  the  dike 
and  the  use  of  the  disposal  area,  the  dike  to  be  wider  due  to  flatter  slopes 
to  achieve  stability  and  thereby  utilizing  both  more  fill  material  and  real 
estate,  and  the  dike  to  be  a  poor  foundation  for  a  future  dike  enlargement. 
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The  water  used  to  transport  the  fill  must  meet  applicable  water-quality 
standards  when  released  to  natural  waters.  In  an  attempt  to  satisfy  this 
requirement,  the  effluent  is  normally  held  in  the  disposal  area  for  some 
period  of  time  to  allow  most  of  the  suspended  material  to  settle  out  before 
being  discharged  over  weirs.  Achieving  an  effluent  suitable  for  release  can 
be  both  time  consuming  and  costly.  Operational  difficulties,  such  as  channel¬ 
ization  from  the  point  of  discharge  to  the  sluice  and  Insufficient  ponding 
area,  have  resulted  in  excessive  amounts  of  solids  being  discharged.  This  in 
turn  has  caused  delays  in  pumping  while  the  material  is  allowed  to  settle  out. 
Also,  the  discharge  sluices  invite  seepage  problems  that  may  lead  to  ultimate 
dike  failure. 

The  construction  of  a  retaining  dike  using  directly  placed  hydraulic 
fill  will  often  require  Che  construction  of  small  parallel  cast  retention 
dikes  usually  referred  to  as  toe  dikes.  This  procedure  requires  additional 
types  of  equipment  and  hence  may  be  more  expensive. 

In  instances  where  the  in  situ  foundation  material  along  a  proposed  dike 
alignment  is  of  high  quality  from  both  a  foundation  and  borrow  standpoint,  the 
appropriateness  of  using  a  hydraulic  fill  retaining  dike  is  diminished,  par¬ 
ticularly  if  the  material  to  be  dredged  is  of  poor  quality.  In  such  cases, 
engineering,  economic,  and  environmental  factors  may  favor  cast  or  hauled  fill 
construction. 

Methods  of  Forming  Dike  Sections.  Hydraulically  placed  material  can  be 
incorporated  into  retention  dikes  by  several  methods:  (a)  discharging  mate¬ 
rial  directly  in  the  location  of  the  desired  dike  with  no  shaping;  (b)  dis¬ 
charging  material  directly  in  the  location  of  the  desired  dike  and  shaping  the 
material  to  the  desired  section  either  immediately,  if  coarse-grained  mate¬ 
rial,  or  at  some  later  date  after  the  material  has  undergone  some  drying  and 
strengthening,  if  fine-grained  material;  (c)  moving  material  previously 
deposited  by  hydraulic  means  by  conventional  means  and  building  the  dike  as  a 
cast  or  hauled  fill;  and  (d)  some  combination  of  the  above  methods.  Schematic 
diagrams  of  dikes  constructed  by  these  methods  are  shown  in  Fig.  D.27.  The 
method  selected  will  depend  on  the  long-range  plan  for  the  disposal  area,  the 
type  and  engineering  properties  of  both  the  foundation  and  hydraulic  fill,  and 
economics . 

Use  of  Toe,  Transverse,  and  End  Dikes.  The  construction  of  retaining 
dikes  with  hydraulic  fill  often  requires  the  construction  of  toe  dikes  (as 


shown  In  Fig.  D.28)  containing  sluices  parallel  to  and  along  the  outer  edges 
of  the  main  dike  to  confine  the  fill  within  the  desired  area  and  retain  the 
discharge  water  until  It  can  be  released  to  natural  waters  as  a  pollutant-free 
effluent.  Transverse  dikes,  also  shown  In  Fig.  D.28,  are  usually  provided 
across  the  main  dike  alignment  to  separate  the  long,  relatively  narrow  fill 
area  Into  smaller  fill  areas.  This  Is  done  to  provide  sufficient  ponding  or 
retention  time  within  each  area  for  optimum  soil  retention,  to  control  chan¬ 
nelization,  and  to  help  confine  the  hydraulic  fill  to  desired  slopes  and 
grades.  End  dikes,  also  shown  In  Fig.  D.28,  are  temporary  retaining  dikes 
constructed  at  canals,  streams,  or  other  crossings  and  are  sometimes  required 
to  retain  the  fill  until  closure  of  the  crossing  can  be  made.  Such  crossings 
often  require  changes  In  construction  techniques  and/or  material. 

In  some  Instances  It  may  be  feasible  to  construct  the  main  hydraulic 
fill  dike  section  without  Che  aid  of  Coe  dikes  on  one  or  both  sides.  The 
feasibility  of  doing  this  will  depend  on  the  type  of  material  being  pumped  and 


Figure  D.28.  Toe,  transverse,  and  end  dikes 
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its  angle  of  repose,  adjacent  land  use  and  topography,  and  the  possibility 
of  adverse  environmental  effects  of  the  unretalned  effluent  on  adjacent  lands 
and  water  bodies. 

Deposition  of  Hydraulic  Fill.  Hydraulic  fill  material  is  placed 
directly  in  a  retaining  dike  by  the  direct  discharge  method  and  in  some  cases 
by  the  bleeder  pipe  method.  These  methods  are  discussed  briefly  in  the 
following  two  paragraphs.  A  more  detailed  discussion  can  be  found  in  Huston 
(1970). 

Direct  Discharge.  The  direct  discharge  method  is  the  most  commonly  used 
procedure  and  involves  release  of  the  dredged  material  at  the  end  of  the  dis¬ 
charge  pipe.  Frequent  moving  of  the  discharge  pipe  and/or  adding  lengths  to 
the  pipe  are  necessary  when  this  method  is  utilized.  By  strategically  locat¬ 
ing  the  discharge  pipe,  the  best  materials  can  be  located  in  the  desired 
section  of  the  dike.  This  is  because  the  coarser  or  better  materials  settle 
out  near  the  discharge  while  the  finer  particles  remain  in  suspension  longer 
and  are  carried  further  out. 

Bleeder  Pipes.  A  bleeder  pipe  is  a  discharge  pipe  with  holes  on  the 
underside  varying  in  size  from  2  x  2  in.  to  6  x  6  in.  The  discharge  line  is 
place  along  the  center  line  of  the  proposed  dike  and  is  supported  on  cribbing 
or  piling.  During  pumping  the  heavier  materials  drop  out  as  they  come  to  the 
holes,  but  the  finer  particles  that  are  in  solution  flow  on  past  and  out  the 
line  to  a  ponding  or  disposal  area.  This  method  is  used  primarily  in  the 
placement  of  sand  since  clay  in  the  form  of  clay  balls  will  tend  to  plug  the 
bleeder  holes.  This  procedure  is  sometimes  used  around  utility  crossings  on 
soft  foundations  where  the  fill  height  must  be  brought  up  uniformly  on  each 
side  of  the  crossing  to  prevent  shear  failure  and/or  lateral  displacement  of 
the  utility. 

Construction  Control.  Before  Initiating  dredging,  field  personnel 
should: 

(a)  Understand  fully  the  method  of  operation  to  be  used  by  the 
contractor . 

(b)  Understand  fully  the  methods  of  communications  to  be  used 
between  the  dredge  and  discharge  area. 

(c)  Verify  that  the  discharge  facilities  are  constructed  in 
accordance  with  the  plans  and  specifications. 

(d)  Verify  that  foundation  preparation  is  adequate. 
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(e)  Verify  that  alignments  and  elevations  are  properly 
established. 

(f)  Verify  that  toe  dikes  are  constructed  as  required  by  the 
plans  and  specifications. 

After  dredging  is  commenced,  field  personnel  should  continuously: 

(a)  Inspect  toe  dikes  to  ensure  that  they  are  being  properly 
maintained . 

(b)  Check  toe  dikes  to  see  that  they  are  not  being  overtopped 
and  that  design  freeboard  is  being  maintained. 

(c)  Monitor  the  quality  of  the  dredged  material  to  see  that  it 
is  as  specified  and  that  the  dike  section  is  being 
constructed  as  designed. 

(d)  Observe  the  overall  operation  to  ensure  that  no  potential 
hazard  is  being  created. 

(e)  Monitor  the  quality  of  the  effluent  to  see  that  it  meets  the 
specification  requirements. 

(f)  Check  the  discharge  facilities  (spill  boxes)  as  this  is 
probably  the  weakest  point  in  the  toe  dike  system.  Included 
also  should  be  the  control  of  effluent  on  the  outside  of  the 
toe  dikes. 

Foundation  Preparation 

Included  in  foundation  preparation  are  clearing,  grubbing,  stripping, 
and  final  foundation  preparation.  A  particular  dike  project  may  include  one 
or  all  of  the  above  items,  depending  on  site  conditions  and  method  of  con¬ 
struction.  In  the  past,  many  retaining  dikes  have  received  no  foundation 
preparation  at  all.  However  some  degree  of  foundation  preparation  is  desir¬ 
able  and  necessary  to  help  ensure  the  integrity  of  the  structure.  Clearing 
and  grubbing  is  considered  minimum  foundation  preparation  and  should  be 
accomplished,  where  necessary,  for  all  dike  projects.  In  marshy  areas  where  a 
surface  mat  of  marsh  grass  and  roots  exists  over  underlying  soft  clay, 
experience  has  shown  it  is  often  more  beneficial  from  a  stability  standpoint 
to  leave  the  surface  mat  in  place  than  to  remove  it.  However,  it  should  be 
remembered  that  such  a  mat  is  essentially  pervious  and  may  not  be  beneficial 
from  a  seepage  standpoint. 

Clearing.  Clearing  consists  of  the  complete  removal  of  all  objectional 
and  obstructive  matter  above  the  natural  ground  surface.  This  includes  trees, 
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fallen  timber,  brush,  vegetation,  abandoned  structures,  and  similar  debris. 

The  dike  foundation  area  should  be  cleared  well  ahead  of  any  subsequent  con¬ 
struction  operations.  Clearing  should  be  required  for  all  dikes  except  as 
previously  noted. 

Grubbing .  Grubbing  consists  of  the  removal  of  stumps,  roots,  burled 
logs,  and  other  objectlonal  matter.  All  holes  and/oi  depressions  caused  by 
grubbing  operations  should  have  their  sides  flattened  and  should  be  backfilled 
in  lifts  up  to  the  foundation  grade  with  compacted  fill.  This  will  avoid  soft 
spots  under  the  dike  and  maintain  continuity  of  the  natural  foundation 
blanket.  Grubbing  should  be  required  for  all  compacted  dikes  and  dikes  on 
fairly  firm  foundations.  It  is  often  impractical  to  grub  on  very  soft 
foundations . 

Stripping .  After  clearing  and  grubbing  operations  have  been  completed, 
the  dike  area  is  stripped  to  remove  low-growing  vegetation  and  organic  top¬ 
soil.  The  depth  of  stripping  is  determined  by  local  conditions  and  usually 
ranges  from  6  to  12  in.  Stripping  is  normally  limited  to  the  dike  foundation 
proper  and  is  not  necessary  beneath  stability  berms.  All  stripped  material 
suitable  for  use  as  topsoil  should  be  stockpiled  for  later  use  on  dike  slopes. 
Stripping  is  not  normally  required  for  dikes  on  soft,  wet  foundations  or  for 
dikes  built  by  methods  other  than  compacted. 

Disposal  of  Debris.  Debris  from  clearing,  grubbing,  and  stripping 
operations  can  be  disposed  of  by  burning  in  areas  where  permitted.  Where 
burning  is  prohibited,  disposal  is  usually  accomplished  by  burial  in  suitable 
areas  (such  as  old  sloughs,  ditches,  and  depressions)  outside  the  embankment 
limits.  Debris  should  never  be  placed  in  locations  where  it  may  be  carried 
away  by  streamflow  or  where  it  may  block  drainage  of  an  area.  Material  buried 
within  the  containment  area  must  be  such  that  no  debris  may  escape  and  damage 
or  block  the  outlet  structure.  All  buried  debris  should  be  covered  by  a  mini¬ 
mum  of  3  ft  of  earth. 

Final  Foundation  Preparation.  Final  foundation  preparation  consists  of 
thoroughly  breaking  up  the  foundation  surface  in  order  to  provide  a  good  bond 
between  the  embankment  and  foundation.  This  treatment  is  only  required  for 
compacted  dikes  on  firm  foundations.  Scarification  of  foundation  surfaces 
that  are  adversely  affected  by  remolding  (soft  or  sensitive  foundations  for 
Instance)  should  not  be  accomplished.  Scarification  should  take  place  just 


prior  to  fill  placement  in  order  to  avoid  saturation  by  rainfall.  No  fill 
should  be  placed  on  frozen  surfaces. 

Construction  Control.  Since  the  particular  foundation  preparation  tech¬ 
niques  vary  considerably  with  project  site  conditions,  design,  and  construc¬ 
tion  method,  it  is  not  practical  to  include  a  detailed  checklist.  It  should 
suffice  to  reiterate  the  importance  of  proper  foundation  preparation  on  the 
integrity  of  the  structure.  The  base  of  a  dike  is  often  its  weakest  point 
from  the  standpoint  of  shear  strength  and  seepage;  therefore,  it  is  imperative 
that  procedures  in  the  plans  and  specifications  be  followed  as  closely  as  pos¬ 
sible.  This  can  only  be  accomplished  by  close,  continual  inspection.  If 
specified  foundation  preparation  procedures  seem  to  be  inadequate  or  for  some 
other  reason  do  not  appear  to  be  in  the  best  interests  of  the  project,  the 
designer  should  be  immediately  consulted.  Changes  in  specified  procedures  and 
requirements  should  not  be  made  without  concurrence  of  the  designer. 
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APPENDIX  E;  SECURE  FACILITY  DESIGN 


The  application  of  the  Resource  Conservation  and  Recovery  Act  (RCRA) 
facility  design  and  siting  requirements  to  the  disposal  of  contaminated 
dredged  material  remains  the  subject  of  discussion  between  the  CE  and  other 
regulatory  and  resource  management  facilities.  A  secure  facility  for  disposal 
of  contaminated  dredged  material  Is  defined  as  a  disposal  facility  that  meets 
the  technical  design  and  siting  requirement  of  RCRA.  Based  on  Information 
collected  to  date  concerning  the  mobility  of  contaminants,  the  RCRA  technical 
requirement  would  only  be  appropriate  In  cases  of  dredged  material  that  was 
highly  contaminated  or  was  to  be  disposed  In  an  area  extremely  sensitive  to 
risks  associated  with  contaminant  mobility.  In  such  cases,  the  development  of 
alternate  disposal  sites  would  probably  be  much  more  cost  effective  than 
Implementing  a  secure  facility.  However,  since  the  technical  requirements  of 
RCRA  are  often  discussed  In  conjunction  with  contaminated  dredged  material, 
this  Appendix  is  designed  to  present  a  brief  discussion  of  these  technical 
requirements  and  their  potential  Impact  on  the  disposal  of  contaminated 
dredged  material. 

Site  Requirements 

The  siting  requirements  for  a  secure  confined  disposal  facility  should 
be  concerned  with  environmental,  climatological,  and  hydrogeological  aspects 
of  a  proposed  site.  These  requirements  should  preclude  a  site  in  areas  of 
seismic  instability,  in  a  100-year  floodplain,  or  where  the  integrity  of  the 
liner  system  would  be  adversely  affected.  The  development  of  baseline  envi¬ 
ronmental  quality  Including  air,  surface  water,  ground  water,  and  terrestrial 
ecology  data  would  also  be  required.  Climatological  data  including  precipita¬ 
tion  analysis,  water  budgets,  and  design  storm  analysis  are  Important  In 
determining  runon  and  runoff  control  features.  Hydrogeological  data  to  deter¬ 
mine  the  physical  and  chemical  characterization  of  underlying  materials,  the 
condition  of  affected  aquifers  -  quality,  use,  flow  velocity  and  direction  - 
are  also  required.  These  data  would  also  determine  the  potential  risks  posed 
by  the  depth  to  ground  water  at  the  site  and  the  degree  of  naturally  available 
ground-water  protection  if  the  liner  system  should  fail. 
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.  This  section  describes  the  design  of  an  upland  con¬ 
fined  disposal  facility  with  a  double  liner  system  and  two  leachate  detection, 
collection,  and  removal  systems.  Figure  E. 1  shows  a  diagram  that  Illustrates 
the  double  liner  design.  Basically  the  system  consists  of  a  primary  leachate 
collection  and  removal  system;  a  primary  synthetic  liner;  a  secondary  leachate 
detection,  collection,  and  removal  system;  and  a  secondary  liner. 

Specific  requirements  pertaining  to  secure  confined  disposal  facility 
liner  systems  Include  the  following  (Cope  et  al.  1984): 

(a)  Liner  materials  must  be  compatible  with  the  dredged  material 
being  disposed  and  must  be  able  to  withstand  any 
unforeseeable  physical  abuse  such  as  hydrostatic  pressure, 
hydrogeologic  forces,  adverse  climatic  changes,  and  other 
physical  stresses. 

(b)  Liners  must  be  placed  on  a  stable  foundation  designed  to 
prevent  failure  due  to  settlement,  compression,  uplifting, 
or  warping  likely  to  be  caused  by  unexpected  changes  in 
pressure  gradients  above,  below,  or  adjacent  to  the  liner 
material. 

(c)  All  liners  must  be  Installed  to  ensure  that  the  dredged 
material  leachate  cannot  come  into  contact  with  the 
surrounding  soil. 

(d)  The  liner  system  must  be  monitored  and  inspected  during 
construction  and  Installation,  and  inspected  for  uniform¬ 
ity,  damage,  and  imperfections  following  Installation. 

Soil-based  and  admixed  liners  and  covers  must  be  inspected  for  Imperfections 
including  lenses,  cracks,  channels,  root  holes,  or  other  structural 
nonuniformities  that  may  cause  an  increase  in  the  permeability  of  the  liner  or 
cover. 

Evaluation  of  the  site's  geotechnical  and  hydrological  conditions  is 
critical  to  developing  a  well  engineered  liner  system.  Table  E.l  summarizes 
the  major  adverse  site  conditions  that  can  result  in  liner  failure.  Preven¬ 
tive  measures  must  be  taken  to  prevent  liner  failure  under  these  conditions. 
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Schematic  diagram  of  double  liner  design  for  secure  upland  confined  disposal  facility 


Table  E. 1 

Sunnnarv  of  Adverse  Site  Conditions  Affecting  Liner  Performance* 


Unfavorable  Condition 


Potential  Liner  Problem 


Geotechnical/HydroKeologic 

Moderate  to  active  seismic 

area 

Dike  instability;  liner 
failure 

Settlement  or  subsidence 

Cracks  in  clay  or  tears  in 
synthetic  liners 

High  groundwater  table 

Lifting  or  rupturing  of 
liner 

Voids 

Cracking  of  liner 

Sinkholes 

Liner  failure 

Subsurface  gas 

Lifting  of  liner  prior  to 
backfilling 

High  permeability  soils 

Piping  of  subgrade 

Climatic 

Frozen  ground/ice 

Cracking,  tearing 

Wind 

Lifting  and  tearing  liner 

Sunlight 

Dehydration  of  clay  liner 
(permitting  cracks  to  develop) 

Destruction  of  some  synthetic 
liners  (caused  by  ultraviolet 
radiation) 

High  humidity 

Poor  seam  adhesion  caused  by 
absorption  of  moisture  by 
the  solvents 

*  Source:  Cope  et  al.  (1984) 


A  variety  of  synthetic  and  natural  materials  are  available  for  use  as 
liners.  While  soil  liners  are  suitable  for  use  as  secondary  liners,  synthetic 
membranes  are  the  primary  mechanisms  for  long-term  containment.  Table  E.2 
summarizes  the  major  characteristics,  advantages,  and  disadvantages  of  various 
materials. 

A  critical  first  step  In  designing  a  liner  system  for  a  contaminated 
sediment  containment  area  is  an  evaluation  of  the  physical  and  chemical  com¬ 
position  of  the  dredged  material  to  be  contained  within  the  facility.  Since 
the  primary  purpose  of  a  liner  Is  to  prevent  liquids  from  leaving  a  confined 
disposal  facility,  the  physical  integrity  of  the  liner  and  Its  chemical  com¬ 
patibility  with  the  constituents  of  the  dredged  material  must  be  ensured.  A 
test  method  accepted  by  the  USEPA  for  evaluating  waste  synthetic  liner  com¬ 
patibility  Is  presented  In  Appendix  B  of  RCRA  guidance  document  Landfill 
Deslgn-Llner  Systems  and  Final  Cover.  The  method  basically  Involves  exposing 
a  liner  sample  to  the  dredged  material  or  leachate  encountered  at  the  facility 
and,  after  exposure,  testing  the  sample  for  strength  and  weight  loss.  Sig¬ 
nificant  deterioration  in  these  properties  Is  considered  evidence  of 
Incompatibility  unless  otherwise  demonstrated  (Cope  et  al.  1984). 

Once  a  synthetic  liner  Is  selected  (based  on  the  criteria  described 
earlier) ,  the  major  focus  of  the  design  activities  Is  on  preparing  a  firm  and 
smooth  base  for  the  membrane  by  compacting,  scraping,  and  rolling  the  base. 

The  major  concerns  during  the  installation  of  a  synthetic  membrane  liner  are 
providing  protective  soil  layers  above  and  below  the  liner  and  proper  seaming 
of  the  liner.  This  requires  that  manufacturer's  installation  procedures  and 
practices  be  followed  for  the  specific  type  of  membrane  proposed.  Each  type 
of  membrane  liner  also  requires  specific  seaming  provisions  to  ensure  an 
effective  bond,  as  summarized  In  Table  E-2.  Since  adverse  weather  conditions 
(e.g.,  extreme  heat  or  cold,  precipitation,  winds)  can  affect  adequate  bonding 
of  the  liner  field  seams.  Installation  should  be  avoided  during  these  periods, 
unless  protective  measures  are  used  (Cope  et  al.  1984). 

During  placement  of  the  liner  and  before  dredged  material  Is  placed  In 
the  disposal  area,  tests  of  seam  strength  and  bonding  effectiveness  should  be 
conducted.  In  addition,  random  samples  of  seams  should  be  cut  from  the  liner 
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Table  E.2 

Characteristics,  Advantages,  and  Disadvantages  of 


Selected 

Synthetic 

Liners* 

Liner  Material 

Characteristics 

Range  of 
Cost 

Advantages 

Disadvantages 

Butyl  rubber 

Copolymer  of 

M 

Low  gas  and 

Highly  swollen 

isabutylene 

water  vapor 

by  carbon  sol- 

with  small 

permeability; 

vents  and 

amounts  of 

thermal  sta- 

petroleum  oils; 

Isoprene 

bility  only 

difficult  to 

slightly 

seam  and  repair 

affected  by 

oxygenated 

solvents  and 

other  polar 

liquids 

Chlomated 

Produced  by 

M 

Good  tensile 

Will  swell  in 

polyethylene 

chemical 

strength  and 

presence  of 

reaction 

elongation 

aromatic  hydro- 

between 

strength; 

carbons  and  oils 

chlorine  and 

resistance  to 

high  elongation 

high  density 

many 

poor  memory 

polyethylene 

inorganics 

Chorosulfonated 

Family  of 

M 

Good  resist- 

Tensile  strength 

polyethylene 

polymers 

ance  to  ozone. 

increases  on 

prepared  by 

heat,  acids. 

aging;  good 

reacting 

and  alkalis; 

tensile  strength 

polyethylene 

easy  to  seam 

when  supported; 

with  chlorine 

poor  resistance 

and  sulfur 

to  oil 

dioxide 

(Continued) 

*  Source:  Cope  et  al.  (1984). 

NOTES:  1.  Adapted  from  "Technologies  and  Management  Strategies  for  Hazardous 

Waste  Control,"  Office  of  Technology  Assessment,  Congress  of  the 
U.S.,  1983.  Modified  in  consultation  with  industry  experts. 

2.  Cost  ranges:  L“$l-4/yd  .  M“$4-8/yd  .  H“$8-12/yd/  (Installation 
costs) . 

3.  All  ratings  are  based  on  property  compounded  materials  designed 
for  that  specific  applications. 
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Table  E.2  (Continued) 


Liner  Material 

Characteristics 

Range  of 

Advantages 

Disadvantages 

Cost 

Eplchlarachynn 

Saturated 

H 

Good  tensile 

Difficult  to 

rubbers 

high  molec¬ 

and  tear 

field  seam  or 

ular 

strength; 

repair 

weight , 

thermal  sta¬ 

auphatlc 

bility;  low 

polyethers 

rate  of  gas 

with  choro- 

and  vapor 

methyl  side 

permeability; 

chains 

weathering; 
resistant  to 
hydrocarbons , 
solvents, 
fuels,  and 
oils 

Neoprene 

Synthetic 

H 

Resistant  to 

Difficult  to 

rubber  based 

oils,  weather¬ 

seam  or  repair 

on  chloro- 

ing,  ozone 

prene 

and  ultra¬ 
violet  radi¬ 
ation; 

resistant  to 
puncture, 
abrasion, 
and  mechan¬ 
ical  damage 

Polyvinyl 

Produced  In 

L 

Good  resi¬ 

Attacked  by 

chloride 

roll  form 

stance  to 

many  organics. 

in  various 

inorganics; 

Including  hydro¬ 

widths  and 

good  ten¬ 

carbons,  sol¬ 

thicknesses; 

sile,  elon¬ 

vents  and  oils; 

polymenla- 

gation,  punc¬ 

not  recommended 

tlon  of 

ture  and 

for  exposure  to 

vinyl 

abrasion 

weathering  and 

chloride 

resistant 

ultraviolet 

monomer 

properties; 

light  conditions 

wide  ranges 
of  physical 
properties; 
easy  to  seam 


(Continued) 


Table  E.2  (Concluded) 


Liner  Material 

Characteristics  Range  of 

Advantages 

Disadvantages 

Cost 

Thermoplastic 

Relatively 

M 

Excellent 

None  reported 

elastomers 

new  class 

olltfuel. 

of  polymeric 

and  water 

materials 

resistance 

ranging  from 

with  high 

highly  polar 

tensile 

to  nonpolar 

strength 
and  excel¬ 
lent  resis¬ 
tance  to 
weathering 
and  ozone 

High  Density 

Blow  or 

M  to  H 

Good  resls- 

Thicker  sheets 

Polyethylene 

sheet  exten- 

(based  on 

tance  to  oils 

require  more 

ded  P.E. 

thickness) 

and  chemicals; 

field  seams; 

resistant 

subject  to  punc' 

to  weathering; 

ture  at  lower 

available  In  20 

thicknesses. 

to  150  mil 

Poor  tear 

thickness; 
resistance  to 
high  temperature 

propagation 

and  subjected  to  onsite  and  laboratory  testing.  Liner  placement,  seaming,  and 
testing  are  covered  In  detail  In  the  USEPA  technical  document  Lining  of  Waste 
Impoundments  and  Disposal  Facilities,  SW-870  (Cope  et  al.  198A).  Liner  per¬ 
formance,  compatibility,  and  operation  and  maintenance  are  discussed  In  more 
detail  In  Part  4  of  this  report. 

Leachate  Collection  and  Removal.  The  primary  leachate  collection  and 
removal  system  Is  placed  Immediately  above  the  primary  liner.  Such  systems 
must  be  capable  of  maintaining  a  leachate  depth  of  1  ft  or  less  above  the 
liner  and  withstanding  clogging,  chemical  attack,  and  forces  exerted  by  clog¬ 
ging,  chemical  attack,  and  forces  exerted  by  wastes,  equipment,  or  soil  cover. 

EPA  guidance  documents  recommend  that  the  leachate  collection  system 
consist  of  a  drainage  layer  at  least  1  ft  thick,  with  a  hydraulic  conductivity 
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^  1  X  10  cm/sec,  and  a  minimum  slope  of  2  percent.  When  Installed  over  a 
second  clay  liner  with  hydraulic  conductivity  of  1  x  10  ^  cm/sec,  such  a 
system  provides  the  f our-order-of-magnltude  difference  In  permeability  know  to 
significantly  Increase  drainage  efficiency  (Cope  et  al.  1984).  The  drainage 
layer  should  be  covered  by  a  filter  (graded  sand  layer  or  geotextiles)  to 
prevent  Infiltration  of  fines  from  the  dredged  material  and  subsequent 
clogging  of  the  drainage  layer. 

Leachate  collection  pipe  networks  should  consist  of  slotted  or  per¬ 
forated  drain  pipe  bedded  and  backfilled  with  a  gravel  envelop.  Layouts 
should  Include  base  liner  slopes  ^  2  percent  and  pipe  grades  ^  0.005.  All 

pipes  should  be  joined  and,  where  appropriate,  bonded  (Cope  et  al.  1984). 

Sumps  or  basins  should  be  Installed  at  low  points  on  the  base  of  the 
fill  to  collect  leachate  discharging  from  the  collection  network.  A  riser 
pipe  extending  from  the  sump  to  the  ground  surface  enables  leachate  removal. 
The  lower  segment  of  the  riser  pipe  In  the  drain  rock  of  the  sump  is  slotted 
and  can  be  connected  to  a  slotted  header  pipe  in  the  sump  to  allow  a  higher 
rate  of  flow  to,  and  withdrawal  from,  the  riser  pipe  (Cope  et  al.  1984). 

The  secondary  leachate  collection  system  Is  located  between  the  two 
liners  and  Is  generally  used  to  detect  and  remove  any  liquid  that  could 


migrate  into  the  space  separating  the  liners.  It  Is  designed  similarly  to  the 
primary  leachate  collection  and  removal  system  in  which  liquid  Is  collected  in 
a  porous  medium  and  subsequently  removed  by  gravity  using  a  network  of  per¬ 
forated  pipes. 

The  operation  and  maintenance  of  the  leachate  collection  and  removal 
system  can  be  minimized  by  avoiding  unnecessary  leachate  generation.  This  can 
be  accomplished  by  minimizing  the  operating  life  of  the  disposal  facility, 
which  will  prevent  leachate  generation  caused  by  rainfall  into  an  open  cell. 

It  may  be  more  efficient  to  construct  several  cells  in  sequence  rather  than  to 
construct  one  large  cell  that  would  remain  open  for  a  long  time  period. 

This  deteralnatlon  Is  made  by  calculating  and  comparing  the  marginal  costs  of 
extra  leachate  treatment  with  the  marginal  costs  of  extra  liner  materials. 

Capping  Requirements.  Modern  caps  that  would  be  applicable  to  covering 
an  upland  contaminated  dredged  material  disposal  site  usually  conform  to  the 
design  standards  In  40  CFR  264.310,  which  addresses  RCRA  landfill  closure 
requirements.  These  design  standards  include  minimum  liquid  migration  through 
the  dredged  material,  low  cover-maintenance  requirements,  efficient  site 
drainage,  high  resistance  to  damage  by  settling  or  subsidence,  and  a  perme¬ 
ability  lower  than  or  equal  to  the  underlying  liner  system  or  natural  soil. 

The  design  standards  may  not  always  be  appropriate  particularly  in  instances 
where  the  cap  Is  intended  to  be  temporary,  where  there  Is  very  low  precipita¬ 
tion,  or  when  the  capped  dredged  material  Is  not  leached  by  Infiltrating  rain 
water. 


There  are  a  variety  of  cap  designs  and  capping  materials  available.  Most 
cap  designs  are  multilayered  to  conform  with  the  above-mentioned  design  stan¬ 
dards;  however,  single-layered  designs  are  also  used  for  special  purposes. 

The  selection  of  capping  materials  and  a  cap  design  is  Influenced  by  specific 
factors  such  as  local  availability  and  costs  of  cover  materials,  desired  func¬ 
tions  of  cover  materials,  the  nature  of  the  dredged  material  being  covered, 
local  climate  and  hydrogeology,  and  projected  future  use  of  the  site  in 
question. 


The  design  of  multilayered  caps  generally  conforms  to  EPA's  guidance 
under  RCRA,  which  recommends  a  three-layered  system  consisting  of  an  upper 
vegetative  layer,  underlain  by  a  drainage  layer  over  a  low-permeablllty  layer 
(USEPA  1982).  Figure  E.2  Illustrates  a  multilayered  cap.  The  cap  functions 
by  diverting  Infiltrating  liquids  from  the  vegetative  layer  through  the  drain¬ 
age  layer  and  away  from  the  underlying  dredged  material. 

The  low-permeablllty  layer  of  the  multilayered  cap  can  be  composed  of 
natural  soil,  admixed  soil,  a  synthetic  liner,  or  any  combination  of  these 
materials.  However,  a  synthetic  liner  overlying  at  least  2  ft  of  low- 
permeablllty  natural  soil  or  soil  admix  Is  recommended  because  the  synthetic 
liner  allows  virtually  no  liquid  penetration  for  a  minimum  of  20  years,  while 
the  soil  layer  provides  assurance  of  continued  protection  even  If  the  syn¬ 
thetic  liner  fails. 

Standard  design  practices  specify  permeabilities  of  less  than  or  equal 
to  10  ^  cm/sec  for  the  soil  liner  (Cope  et  al.  1984).  This  specification 
would  require  a  natural  soil  In  the  CL/CH  range  of  the  Unified  Soil  Classifi¬ 
cation  System  (USCS)  (not  less  than  50  percent  by  weight  passing  a  No.  200 
sieve).  However,  blending  of  different  onsite  soil  types  can  broaden  the 
grain  size  distribution  of  a  soil  and  minimizes  its  Infiltration  capacity. 
Well-graded  soils  are  less  permeable  than  those  with  a  small  range  of  grain 
sizes,  and  mixing  of  local  coarse-  and  fine-grained  soils  is  a  cost-effective 
method  of  creating  stronger  and  less  porous  cover  soil  (button,  Regan,  and 
Jones,  1979).  When  sufficient  fine-grained  soils  are  not  available  to  achieve 
the  desired  permeability,  clay  material  can  be  brought  in.  Bentonite,  a  natu¬ 
ral  clay  with  high  swelling  properties,  is  often  transported  to  a  site  and 
mixed  with  onsite  soil  and  water  to  produce  the  low-permeablllty  layer  of  the 
cap.  Blending  can  often  be  accomplished  in  place  using  a  blade  or  harrow  to 
turn  and  mix  the  soil  to  suitable  depths  (button,  Regan,  and  Jones  1979). 

Chemical  stabilizers  and  cements  can  be  added  to  relatively  small 
amounts  of  onsite  soil  to  create  stronger  and  less  permeable  surface  sealants. 
Portland  cement  or  bitumen  (emulsified  asphalt  or  tar)  is  suitable  for  mixing 
with  sandy  soils  to  stabilize  and  waterproof  them.  Site-specific  mixing, 
spreading,  and  compacting  procedures  are  required.  For  a  soil-cement. 


Multilayered  cap 
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approximately  8  percent  (by  weight)  dry  cement  is  blended  into  the  soil  with  a 
rotary  hoe  or  tiller  as  water  is  added.  Intermittent  sprinkling  over  several 
days  may  be  required  before  compaction  and  solidification  are  achieved 
(button,  Regan,  and  Jones  1979). 

Soils  may  also  be  treated  with  lime,  fly  ash,  bottom  ash,  and  furnace 
slag;  however,  these  materials  should  be  tested  for  hazardous  metals  and 
organics  prior  to  use.  These  materials  contribute  pozzolanic  (cementing) 
properties  to  the  resulting  mixture,  optimize  the  grain-size  distribution,  and 
reduce  shrink/swell  behavior.  Lime  applied  at  2  to  8  percent  (by  weight) 
calcium  oxide  or  hydroxide  is  suitable  for  cementing  clayey  soil.  Sand  and 
gravel  are  more  suitable  for  combined  lime-fly  ash  treatment  than  are  finer 
grained  soils  (button,  Regan,  and  Jones  1979).  Rotary  tiller  mixing  followed 
by  water  addition  and  compaction  is  the  general  application  sequence  for  these 
mixtures.  If  a  synthetic  liner  la  present,  liner  life  may  be  prolonged  by 
lime  addition  to  supporting  soil  (Fields  and  bindsay  1975).  Other  soil 
additives  include  chemical  dispersants  and  swell  reducers.  Soluble  salts  such 
as  sodium  chloride,  tetrasodium  pyrophosphate,  and  sodium  polyphosphate  are 
added  primarily  to  fine-grained  soil  with  clay  minerals  to  deflocculate  tie 
soils.  Increase  their  density,  reduce  permeability,  and  facilitate  compaction. 
Additives  are  more  effective  with  montmorillonite  clay  than  with  kaolinlte  or 
illite. 

Flexible  synthetic  membranes  are  made  of  polyvinyl  chloride  (PVC) , 
chlorinated  polyethylene  (CPE),  ethylene  propylene  rubber,  butyl  rubber, 
Hypalon  and  neoprene  (synthetic  rubbers),  and  elastlcized  polyolefin. 

Synthetic  liners  are  generally  more  expensive  and  require  labor-intensive 
sealing  materials  that  require  special  field- installation  methods.  Thin 
sheets  are  available  in  sections  of  various  widths,  and  the  sheets  are  over¬ 
laid  and  spliced  in  the  field  (according  to  manufacturer's  specifications). 
Special  adhesives  and  sealants  are  used  to  ensure  liner  integrity.  The  chemi¬ 
cal  resistance  of  a  cap  synthetic  liner  is  not  usually  critical.  However,  the 
pitential  for  organic  and/or  corrosive  vapors  should  be  carefully  evaluated 
'-efore  dismissing  the  resistance  factor.  The  thickness  and  flexibility  of  a 
ap  synthetic  liner  are  crucial  and  should  be  carefully  researched  during  the 
iiaterlal  selection  process.  Cope  et  al.  (1984)  and  Matrecon,  Inc.  (1983) 
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describe  several  important  considerations  for  selecting  synthetic  liners.  The 
slope  of  the  low-permeablllty  layer  should  be  between  3  and  5  percent  to 
prevent  erosion  (If  the  upper  synthetic  layer  fails)  and  pooling  of  rainwater. 
The  underlying  base  of  this  layer  should  consist  of  fine-  to  medium-grade  fill 
that  will  support  the  weight  of  the  entire  cap  and  not  abrade  the  liner.  If  a 
clay  or  similarly  fine-grained  soil  liner  is  to  be  used,  the  underlying  base 
must  be  sufficiently  fine  to  preclude  piping  of  the  liner.  Piping  occurs  when 
sections  of  an  overlying  fine-grained  soil  layer  erode  and  fall  into  an 
underlying  coarse  grained  soil  layer  (Matrecon,  Inc.  1983).  Piping  may  be 
prevented  by  placement  of  a  suitably  fine-meshed  filter  fabric  between  the  two 
layers. 

The  drainage  layer  of  the  multilayered  cap  is  placed  directly  above  the 
low-permeability  layer.  The  permeability  of  the  drainage  layer  should  be  suf¬ 
ficiently  high  that  it  minimizes  contact  of  infiltrating  rainwater  with  the 
low-permeability  layer  (button  1982).  Current  designs  generally  specify  a 
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material  with  greater  than  or  equal  to  10  cm/sec  permeability  (Cope  et  al. 
1984).  This  layer  can  be  composed  of  a  sand  in  the  SW  or  SP  range  of  USCS 
(less  than  5  percent  passing  through  a  No.  100  sieve)  or  a  coarser  material. 
The  thickness  of  the  drainage  layer  depends  on  the  amount  of  settling  expected 
and  the  maximum  volume  of  water  that  could  enter  it. 

The  vegetative  layer  of  the  multilayer  cap  is  placed  above  the  drainage 
layer,  usually  with  a  layer  of  filter  fabric  in  between  to  prevent  piping. 

The  vegetative  layer  usually  exceeds  2  ft  in  thickness,  but  may  be  greater 
depending  on  the  frost  depth,  the  maximum  depth  of  root  penetration,  and  the 
rate  of  anticipated  soil  loss.  Frost  must  not  be  allowed  to  reach  the  low- 
permeablllty  layer  because  freezing  and  thawing  cycles  could  greatly  Increase 
its  permeability.  The  selection  of  a  vegetative  cover  should  include  con¬ 
sideration  of  root  penetration,  erosion  potential,  and  competitive  advantage 
over  other  plant  species  in  the  area.  These  factors  can  be  determined  by 
consulting  with  local  botany  professors.  Erosion  potential  of  the  soil, 
however,  can  occur  even  when  the  vegetative  cover  has  good  soil-retaining 
capabilities.  Therefore,  it  is  recommended  that  the  soil  in  the  vegetative 
layer  have  an  erosion  rate  of  less  than  2  tons  per  acre  per  year  using  the 


U.S.  Department  of  Agriculture  Universal  Soil  Loss  Equation  (USLE) .  This 
equation  Is  written: 

A-RxKxLxgxCxP 

where:  A  •  average  soil  loss  In  tons/acre  for  time 

period  used  for  R 

quantitative:  R  •  rainfall  and  runoff  eroslvity  Index 
K  -  soil  erodlblllty  factor 
L  =  slope  length  factor 
S  -  slope  steepness  factor 

qualitative:  C  •  cover/management  factor 

P  *  supporting  practices  factor 

Directions  for  determining  variables  are  given  In  button,  Regan,  and  Jones 
(1979)  pp.  127-133.  For  information  regarding  soil  sampling  and  testing,  for 
local  data  on  soils  and  climate,  or  for  any  form  of  technical  assistance 
regarding  selection  of  cover  materials,  regional  and  county  Soil  Consetrvation 
Services  (SCS)  offices  should  be  consulted. 

Single-layered  caps  can  be  constructed  of  any  of  the  low-permeability 
materials  mentioned  above.  However,  natural  soil  and  admixes  are  not  recom¬ 
mended  because  they  are  disrupted  by  freeze/thaw  cycles  and  exposure  to  drying 
causes  them  to  shrink  and  crack  (Matrecon,  Inc.  1983) .  The  most  effective 
single-layer  caps  are  composed  of  concrete  and/or  bituminous  asphalt.  The 
thickness  of  these  liners  is  dependent  on  the  amount  of  anticipated  settlement 
and  the  local  weather  conditions.  Periodic  application  of  special  surface 
treatments  for  asphalt  and  concrete  liners  can  greatly  improve  their  life  and 
effectiveness.  It  should  be  noted  that  single-layered  caps  will  not  usually 
be  acceptable  unless  there  are  extreme  circumstances.  For  example,  an  asphalt 
cap  that  can  be  inspected  on  a  frequent  basis  may  be  acceptable.  Similarly,  a 
temporary  cap  constructed  of  clay  or  natural  soil  may  be  used  depending  on  the 
length  of  time  before  a  final  cap  is  completed.  Another  potential  opportunity 
to  use  a  single-layered  cap  may  arise  in  an  area  where  evapotranspiratlon 


greatly  exceeds  precipitation  and/or  there  is  a  great  distance  between  the 
waste  and  the  nearest  source  of  usable  groundwater.  In  these  cases  it  may  be 
acceptable  to  use  an  extremely  low-permeability  soil  or  admix  buried  by  natu¬ 
ral  soil  beneath  the  frost-penetration  depth.  The  overlying  soil  would  also 
protect  the  cap  from  drying  and  cracking. 

Construction  considerations  for  single-layered  caps  vary  depending  on 
the  cap  materials  used  (e.g.,  concrete,  asphalt,  clay);  therefore,  appropriate 
construction  guidance  should  be  acquired  according  to  the  cap  material  being 
considered.  The  EPA  document  entitled  Lining  of  Waste  Impoundment  and  Dis¬ 
posal  Facilities  (Matrecon,  Inc.  1983)  contains  references  for  constructing 
caps  out  of  several  different  materials. 

The  first  layer  of  a  multilayered  cap  is  the  foundation  layer.  It 
should  be  composed  of  soil  that  is  structurally  capable  of  supporting  the 
weight  of  the  cap.  The  tests  to  be  used  in  evaluating  this  layer  include 
unconfined  compressive  strength  tests  (ASTM  D2166),  trlaxial  compression 
tests  (ASTM  D2850) ,  and  direct  shear  tests  (ASTM  D3080)  (USEPA  1983) .  The 
foundation  material  should  be  spread  over  the  dredged  material  in  6-in.  lifts 
and  compacted  to  its  maximum  achievable  density  (ASTM  D698  and  D1557).  The 
structural  stability  tests  mentioned  above  should  be  run  on  each  lift  in  suf¬ 
ficient  number  to  ensure  uniformity.  The  final  shape  of  this  layer  should  be 
the  same  as  the  final  design  shape.  If  the  foundation  layer  is  also  intended 
to  be  the  bedding  layer  for  the  overlying  low-permeability  layer,  it  should 
meet  grain-size  specifications  contained  in  Evaluating  Cover  Systems  for  Solid 
and  Hazardous  Waste  (Lutton  1982).  Otherwise,  an  appropriately  sized  filter 
fabric  should  be  used  between  the  foundation  and  low-permeability  layers. 

The  low-permeability  layer  should  be  placed  in  6-in.  lifts  and  compacted 
to  over  90  percent  of  its  dry  density  at  its  optimum  water  content  (Ehrefelder 
and  Bass  1983) .  Permeability  should  be  measured  at  the  completion  of  each 
lift  at  a  rate  of  at  least  2  tests  per  acre.  Compaction  can  be  accomplished 
with  a  bulldozer  or  a  sheepsfoot  roller.  Permeability  and  density  tests  will 
determine  the  minimum  weight  of  the  compaction  equipment  and  the  number  of 
passes  needed.  The  selection  of  materials  for  the  low-permeability  layer 
should  consider  all  of  the  structural  stability  tests  mentioned  above,  the 


Atterberg  Limit  tests  (ASTM  DA23,  D424,  D427,  and  D2217)  (USEPA  1983).  These 
Atterberg  Limits  should  be  as  vide  as  possible  to  prevent  future  Increases  in 
permeability  due  to  drying  or  wetting  of  the  cap.  The  thickness  of  the  low 
permeability  zone  should  be  at  least  2  ft,  but  should  be  Increased  if  exces¬ 
sive  settling  is  expected  in  the  underlying  wastes. 

A  synthetic  liner  should  be  placed  and  seamed  according  to  manufac¬ 
turers'  specifications.  This  liner  should  be  at  least  20  mils  thick,  and  the 
material  and  seams  should  be  tested  for  peel  adhesion  (ASTM  D413,  Method  1  and 
D1876)  and  shear  strength  (ASTM  D816,  Method  B,  modified  and  D882,  Method  A 
modified)  (Cope  et  al.  1984).  Additional  tests  on  the  liner  should  be  con¬ 
ducted  as  recommended  by  the  liner  Installation  company. 
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The  drainage  layer  should  have  a  permeability  of  10  cm/sec  or  greater 
(USEPA  1982).  This  layer  should  be  placed  in  6-ln.  lifts  and  should  be  at 
least  1  ft  thick.  A  thicker  liner  should  be  used  if  more  than  a  few  Inches  of 
settll’-j  or  subsidence  is  expected  in  the  underlying  dredged  material.  If  it 
is  placed  directly  over  the  synthetic  liner,  the  drainage  layer  material  must 
be  free  of  sharp  objects  that  might  puncture  the  liner.  Sand  classltled  as  SP 
by  the  USCS  would  fulfill  the  liner  bedding  requirements. 

Filter  fabric  should  be  placed  above  the  drainage  layer  to  prevent  clog¬ 
ging  by  soil  from  the  overlying  vegetative  layer.  This  material  is  generally 
rolled  in  overlapping  strips  over  the  drainage  layer  in  accordance  with 
manufacturers'  specifications.  The  pore  size  of  this  layer  should  be  large 
enough  to  allow  proper  drainage,  but  small  enough  to  prevent  soil  migration 
into  the  drainage  layer. 

The  vegetative  layer  should  be  at  least  2  ft  thick  to  accommodate 
expected  root  penetration,  and  it  should  be  spread  evenly  and  not  overly  com¬ 
pacted.  The  thickness  of  this  layer  should  be  greater  than  the  deepest  zone 
of  frost  penetration  found  in  the  area  (USEPA  1982).  The  vegetation  should  be 
a  nonwoody  plant,  preferably  grass,  with  almost  no  maintenance  required  once 
it  is  established. 


The  operation  and  maintenance  of  a  final  cap  includes  inspection  on  a 
regular  basis  for  signs  of  erosion,  settlement,  or  subsidence.  It  is  recom¬ 
mended  that  inspections  be  conducted  frequently  in  the  first  6  months  '^ecause 
problems  are  most  likely  to  appear  during  this  period  (button  1982).  Main¬ 
tenance  of  the  final  cap  should  be  limited  to  periodic  mowing  of  the  vegeta¬ 
tion  layer  to  prevent  invasion  by  deep-rooted  vegetation  and  burrowing 
animals.  Any  sign  of  unexpected  settling  or  subsidence  should  be  addressed 
Immediately  by  removing  the  overburden  to  inspect  and  repair  the  affected 
areas. 


Monitoring 


Liners  and  Groundwater.  The  liner  system  must  be  monitored  and 
Inspected  during  construction  and  installation,  and  Inspected  for  uniformity, 
damage,  and  Imperfections  following  installation.  Soil-based  and  admixed 
liners  must  be  Inspected  for  imperfections  including  lenses,  cracks,  channels, 
root  holes,  or  other  structural  nonuniformities  that  may  cause  an  increase  in 
the  permeability  of  the  liner. 


A  ground-water  monitoring  program  should  also  be  established.  The 
ground-water  monitoring  program  must  be  capable  of  determining  the  disposal 
site's  impact  on  the  quality  of  ground  water  in  the  uppermost  aquifer  under¬ 
lying  the  facility. 


The  minimum  requirements  for  any  ground-water  monitoring  system  Involve 
at  least  one  upgradlent  well  that  is  capable  of  yielding  representative 
background  samples  and  at  least  three  downgradient  wells  whose  location  and 
depth  ensure  immediate  detection  of  any  statistically  significant  amounts  of 
contaminants  or  constituents  in  the  upper  aquifer.  An  alternative  to  dedicat¬ 
ing  a  particular  well  for  background  determination  would  be  to  monitor  the 
wells  before  dredged  material  disposal  in  the  facility.  This  may  present  a 
better  indication  of  background  conditions  especially  in  areas  where  ground 
water  may  flow  in  all  directions  from  a  site  and  location  of  a  background  well 
unaffected  by  the  site  is  difficult.  When  using  such  an  approach,  the  back¬ 
ground  conditions  should  be  determined  over  a  period  of  time  to  determine  the 
seasonal  Influences  on  ground-water  conditions.  Where  these  minimum  require¬ 
ments  do  not  allow  the  owner  or  operator  to  meet  the  overall  performance 


objectives,  he  must  determine  where  and  how  many  additional  wells  are  needed. 
Once  established,  ground-water  monitoring  programs  must  continue  for  an  aver¬ 
age  of  30  years  depending  on  site-specific  conditions.  During  this  period, 
ground-water  samples  are  generally  taken  semiannually  and  analyzed  for  Indica¬ 
tor  parameters,  which  are  developed  on  a  site-specific  basis.  Concentration 
of  Indicator  parameters  from  samples  collected  at  the  downgradlent  wells  are 
Individually  compared  to  average  background  concentrations  established  from 
the  upgradlent  well(s)  or  from  predlsposal  background  conditions. 

Caps .  Any  caps  will  need  to  be  periodically  Inspected  for  settlement, 
ponding  of  liquids,  erosion,  and  naturally  occurring  Invasion  by  deep-rooted 
vegetation.  The  performance  of  a  properly  Installed  multilayered  cap  Is 
generally  excellent  for  the  first  20  years  of  service.  However,  after  this 
time  period,  the  Integrity  of  the  synthetic  liner  becomes  uncertain  and  should 
be  regularly  Investigated.  Unforeseen  settling  and  Invasions  by  burrowing 
animals  and  deep-rooted  plants  also  contribute  to  the  need  for  periodic 
monitoring  and  maintenance  of  the  cap  In  perpetuity. 

Costs 

Liners.  The  costs  for  constructing  a  liner  system  including  a  leachate 
collection  and  removal  system  depends  on  the  size  of  the  facility,  the  design 
features  of  each  layer  of  the  liner  system,  and  site-specific  engineering  fac¬ 
tors.  However,  general  material  and  installation  unit  costs  for  various  com¬ 
ponents  of  a  liner  installation  including  liner  material  and  Installation, 
underdrains,  excavation,  and  filters  are  presented  in  Tables  E.3  and  E.A. 

Caps .  The  cost  of  Installing  a  cap  depends  on  the  type  and  amount  of 

materials  selected,  the  thickness  of  each  layer,  and  the  area  of  the  country. 
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General  material  and  Installation  costs  for  caps  larger  than  4000,000  ft  are 
presented  in  Table  E.3. 

Monitoring.  The  costs  for  monitoring  well  construction,  sampling,  and 
sample  analyses  can  vary  by  orders  of  magnitude  because  of  the  number  of 
factors  involved.  These  factors  Include  well  depth,  diameter,  type  of  drill 
rig,  type  of  substrate,  types  of  dredged  material  In  the  disposal  area,  number 
of  Indicator  parameters,  level  of  Indicator  parameters,  number  of  wells. 


Table  E.3 

1985  Unit  Costs  Associated  With  Capping  Disposal  Sites* 


Element 


Cleaning  and  grubbing 

$  1 , 100/acre 

Excavation 

$1.60/yd^ 

Earthf ill 

berms  and  levees 
soil  liners 

$2.10/yd^ 

$3. 10/yd 

Backfill  soil  import 
drainage  sand 
drainage  rock  (rounded) 

$10.50/yd^ 

$10. 50/yd 

Soil  placement 

$1.00/yd^ 

Vegetation,  mulch,  and  hydroseed 

$  1 , 100/ acre 

Geotextlle  fabrics 

$1.00  -  $3. 10/yd 

3 

Bentonite  admix  (2-9  Ib/yd  )** 

$0.20  -  $1. 10/ft 

Membrane  liners 

Nonreinforced 

30  mil  PVC 

30  mil  CPE 

30  mil  Butyl /EDPM 

30  mil  Neoprene 

100  mil  HDPE 

Reinforced 

36  mil  Hypalon  (CSPER) 

60  mil  Hypalon  (CSPER) 

36  mil  Hypalon 

$0.25  -  $0. 35/ft 
$0.35  -  $0. 45/ft 
$0.45  -  $0. 55/ft 
$0.70  -  $0. 80/ft 
$1.10  -  $1. 60/ft 

$0.50  -  $0. 60/ft 
$0.80  -  $1. 00/ft 
$0.50  -  $0. 60/ft 

Installation,  excluding  earthwork 

$0.60  -  $1. 20/ft 

*  Based  on  costs  for  a  400,00-ft  area  presented  in  Cope  et  al.  (1984)  as 
updated  by  construction,  labor,  and  material  cost  Indices  in  Engineering 
News-Record  1983  and  1985. 

**  Includes  mixing  and  placing. 

PVC  =  polyvinyl  chloride 
CPE  =  chlorinated  polyethylene 
EDPM  «  ethylene-propylene-dlene-monomer 


Table  E.4 

1985  Unit  Costs  for  Pipe  Installation 


E.22 


Item 

Assumptions 

Unit  Cost 

Source' 

Drain  Pipe 

PVC  perforated 
underdrain 

10-ft  length, 

S.D.R.  35: 

4  in. 

$2. 16/ft 

(2) 

6  in. 

$3. 64/ft 

(2) 

8  in. 

$4. 56/ft 

(2) 

10  in. 

$6. 80/ft 

(2) 

12  in. 

$8. 40/ft 

(2) 

Corrugated  steel  or 

6  in . ,  18  ga 

$4. 63/ft 

(1) 

aluminum,  perforated 

,  8  in. ,  16  ga 

$6. 20/ft 

(1) 

asphalt  coated 

10  in. ,  16  ga 

$8. 00/ft 

(1) 

Porous  wall  concrete 

6  in. 

$4. 14/ft 

(1) 

underdrain,  extra 

8  in. 

$5. 80/ft 

(1) 

strength 

10  in. 

$8. 75/ft 

(1) 

Vitrified  clay,  extra 

4  in. 

$4. 46/ft 

(2) 

heavy-duty  strength, 

5  in. 

$5. 35/ft 

(2) 

premium  joints 

6  in. 

$6. 35/ft 

(2) 

8  in. 

$8. 50/ft 

(2) 

Filter  and  Envelope 

Filter  fabric 

Polypropylene, 
laid  in  trench 

$1. 14-1.49/yd 

(2) 

Gravel  envelope 

Crushed  bank  run, 
screened 

0.75-0.50-in.;  in 
trench 

$9. 20-10. 55/yd'* 

(1) 

Backfill 

Dozer  backfill,  no 
compaction 

Up  to  300-ft  haul, 

900  yd  /day 

$l.ll/yd^ 

(1) 

Dozer  backfill,  air 
tamped 

Up  to  30Q-ft  haul, 

235  yd  /day 

$5.45/yd^ 

(1) 

Compacted  backfill, 
vibrating  roller 

6-  to  12^in.  lifts, 

700  yd  /day 

$1 . 54/yd^ 

(1) 

Compacted  backfill, 
sheepsfoot  roller 

6-  to  12:rin.  lifts, 

650  yd  /day 

$1.67/yd^ 

(1) 

Excavation 

Backhoe 

3.5  yd  ^bucket 

$1 .64/yd;: 

(1) 

Dragline 

0.75^yd  bucket 

$3. 00/yd:: 

(1) 

Wheel-mounted 

5  yd  bucket 

$0. 84/yd 

(1) 

bucket  loader 

*  Sources:  (1)  Godfrey 

(1984a),  (2)  Godfrey  (1984b) 

• 
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levels  of  existing  ground-water  contamination,  and  area  of  the  country. 
Therefore,  the  costs  for  ground-water  monitoring  programs  cannot  be  estimated 
until  a  ground-water  Investigation  has  been  conducted  and  a  plan  has  been 
developed. 

Costs  Summary.  Cost  of  upland  disposal  of  contaminated  dredged  material 
will  vary  according  to  specific  site  characteristics.  Factors  include  owner¬ 
ship  of  the  site,  amount  of  site  preparation  necessary,  distance  from  the 
dredge  site  (may  include  transportation  method) ,  and  the  amount  of  treatment 
and  monitoring  required  both  during  and  after  llsposal  and  capping.  For 
Commencement  Bay,  weir  construction  is  estimated  at  about  $25,000.  Upland 
sites  in  Commencement  Bay  that  are  in  the  elevation  range  of  +8  to  +12  MLLW 
may  require  that  all  diking  materials  be  trucked  to  the  site.  At  this  eleva¬ 
tion,  the  water  table  is  near  the  surface  and  native  soil  may  not  be  suffi¬ 
cient  or  suitable  for  dike  materials.  Granular  fill  adequate  for  diking  mate¬ 
rials  is  available  from  the  gravel  pits  on  the  bluff  north  of  the  Hylebos 
Waterway.  The  estimated  cost  of  importing  materials  and  dike  construction  is 
$4  per  cu  yd. 

Where  existing  ground  elevation  is  higher  because  of  previous  fills,  the 
existing  surface  material  may  be  utilized  for  diking.  Use  of  existing  mate¬ 
rial  would  reduce  the  cost  of  diking  to  approximately  $1  per  cu  yd.  While 
coarser  fill  materials  are  easier  to  use  for  diking,  finer  soils  that  can  be 
included  in  diking  will  reduce  leakage  of  effluent  water  through  the  dike.  An 
associated  cost,  though  one  not  included  in  our  analyses,  involves  the  ulti¬ 
mate  use  of  the  land  filled.  If  disposal  can  be  designed  to  ultimately  allow 
development  to  occur,  at  least  some  of  the  initia]  costs  of  disposal  may  be 
recoverable . 


APPENDIX  F;  DESCRIPTION  OF  PROPOSED  DISPOSAL  AREAS 


The  Dredged  Material  Alternative  Selection  Strategy  (DMASS)  is  Illus¬ 
trated  through  application  to  the  Totem  Ocean  Trailer  Express  (TOTE)  project. 
This  appendix  summarizes  site  information  on  the  alternative  disposal  sites 
evaluated  for  this  project. 


Open-water  Disposal 


Three  open-water  disposal  sites  are  considered,  although  other  areas  in 


the  bay  have  been  used  in  the  past. 


1.  Puyallup  River  Delta.  This  site  is  located  1/2-mlle  west  of  the 
mouth  of  the  Puyallup  River.  Until  1972,  it  was  the  Department  of  Natural 
Resource's  (DNR)  designated  open-water  site.  The  site  occupies  the  Puyallup 
River  delta;  surface  radius  of  the  former  disposal  site  is  900  ft.  Bottom 
elevation  slopes  from  -28  ft  MLLW  to  approximately  -200  ft  MLLW. 

The  site  has  a  history  of  major  slides  from  the  delta  into  the  deep  water 
of  Commencement  Bay  on  about  a  10-year  frequency.  Disposal  of  fine-grained 
sediment  typical  for  Commencement  Bay  would  increase  the  frequency  of  slides. 
Capping  would  be  difficult,  and  slides  could  reexpose  the  contaminated  mate¬ 
rial.  Because  the  area  is  active,  impacts  on  benthic  communities  would  be 
short  lived.  However,  it  is  located  within  the  migratory  paths  of  salmonids 
moving  to  and  from  the  Puyallup  River  system;  and  Indian  commercial  net 
fishing  occurs.  Disposal  may  have  to  be  scheduled  to  avoid  times  when 
juvenile  salmonids  are  present  and  special  restrictions  may  be  necessary 
during  the  fishing  season.  Because  of  its  location  on  the  delta,  a  large 
volume  of  uncontamlnated  material  is  available  nearby  and  could  be  used  to  cap 
contaminated  dredged  material  at  very  low  cost  (dredging).  It  may  be  possible 
to  place  the  contaminated  sediments  at  the  edge  of  the  slide  zone  where  the 
continuing  accretion  could  further  bury  them. 

2.  Department  of  Natural  Resources  (DNR)  Site.  The  site  has  been  the 
DNR-deslgnated  open-water  site  for  Commencement  Bay  since  1972;  however,  it  is 
over  3  miles  from  the  anticipated  dredging  sites.  Surface  radius  of  the  site 
is  900  feet;  water  depths  are  in  excess  of  500  ft.  Bottom  topography  is 
nearly  level.  The  site  has  been  used  regularly  for  dredged  material  disposal 
since  its  designation  and  is  known  to  be  contaminated  by  a  variety  of 
compounds . 


The  depth  would  make  accurate  placement  of  the  contaminated  material  and 
cap  within  the  limits  of  the  designated  area  difficult.  Monitoring  would  be 
similarly  difficult.  However,  the  site  has  the  capacity  to  receive  all 
acceptable  dredged  material  projected  for  the  future  dredging  of  Commencement 
Bay.  Since  the  site  has  been  used  regularly  In  the  past,  contaminant  levels 
at  the  site  are  higher  than  background  levels.  Therefore,  disposal  of  contam¬ 
inated  material  at  the  DNR  site  may  be  expected  to  have  less  biological  Impact 
than  would  disposal  of  contaminated  material  at  an  uncontaminated  area.  Also, 
the  site's  depth  places  It  outside  the  feeding  depths  of  salmonlds  and  many 
commercial  fishes. 

3.  Hylebos/Browns  Point.  This  site  Is  located  midway  between  the  mouth 
of  Hylebos  Waterway  and  Browns  Point.  Depths  range  between  100  and  200  ft. 

The  site  Is  a  natural  horseshoe-shaped  depression;  closing  the  fourth  side 
with  an  underwater  dike  would  provide  a  storage  capacity  of  over 
2.5  million  cu  yd.  The  site  is  within  2  miles  of  Hylebos,  Blair,  and  Sltcum 
Waterways . 

Relatively  little  is  known  of  the  site,  so  extensive  Investigations  to 
characterize  the  site  may  be  required.  Local  fishermen  indicate  that  the  area 
is  popular  for  bottom  fishing  though  success  Is  unknown.  While  the  depth  is 
outside  the  normal  feeding  range  of  salmonlds,  the  Puyallup  Tribe  Indicates 
that  the  upper  water  column  is  seasonally  used  by  drift  netters.  As  the  site 
has  not  been  previously  used  for  disposal,  aquatic  resources  may  be  undis¬ 
turbed  and  possibly  significant  use  of  the  site  would  adversely  affect  these 
resources.  However,  past  and  present  use  of  the  water  surface  for  extensive 
log  booming  may  have  affected  the  benthic  community.  Capacity  of  the  site  Is 
sufficient  for  many  years  of  disposal,  allowing  incremental  diking.  Diking 
the  open  end  would  allow  more  complete  containment  of  contaminated  material. 
This  and  the  lesser  depth  (100  to  200  ft)  would  make  capping  and  monitoring 
easier  than  at  the  existing  DNR  open-water  site. 

Upland  Disposal 

Concerns  about  upland  disposal  have  been  expressed  by  several  entitles. 
The  Puyallup  Tribe  Is  concerned  about  the  potential  disposal  of  any  con¬ 
taminated  material  within  the  boundaries  at  their  reservation.  The  Tacoma/ 
Pierce  County  Department  of  Public  Health  has  questions  about  the  effects  that 
upland  disposal  of  contaminated  dredged  materia)  may  have  on  ground  water  and 


drainage  systems  and  the  possible  burial  of  hazardous  materials  already 
existing  on  the  site.  The  Port  of  Tacoma  is  concerned  about  the  loss  of  real 
estate  potential  should  sites  be  filled  above  the  normal  Industrial  grade 
elevation  (+20  ft  MLLW) ;  and  the  port's  leasers  may  express  concerns  about 
locating  on  or  near  contaminated  material. 

1.  Puyallup  Mitigation  Site.  This  site  Is  located  north  of  the  Puyallup 
River  and  east  of  Lincoln  Avenue,  approximately  1  mile  from  Sitcum  and  Milwau¬ 
kee  Waterways  and  2  miles  from  the  middle  of  Blair  Waterway.  The  site  has 
been  previously  filled  with  dredged  material,  and  Its  current  elevation  is 
approximately  +18  ft  MLLW.  Filling  to  +35  ft  MLLW  is  contemplated;  this  would 
provide  about  1  million  cu  yd  capacity.  Vegetation  has  reestablished, 
otherwise  the  site  Is  vacant.  The  existing  fill  could  be  used  to  construct 
containment  dikes.  Slurry  water  from  this  site  would  be  discharged  into  the 
Puyallup  River. 

The  site  has  been  proposed  as  a  wetland  creation  site  by  the  port  as 
mitigation  for  filling  of  site  No.  5  for  the  Sea-Land  terminal  development. 

The  site  would  be  excavated,  and  the  Puyallup  River  dike  would  be  breached  to 
create  freshwater  wetlands.  Presumable  an  alternative  mitigation  site  would 
have  to  be  located. 

2.  Port  of  Tacoma  Site  "D".  This  site  Is  bounded  by  the  Port  of  Tacoma 
Road  on  the  northeast,  the  Union  Pacific  Railroad  (UPRR)  switchyard  on  the 
southeast,  and  Marshall  Way  on  the  northwest,  within  the  area  commonly  known 
as  the  "Tacoma  Tideflats."  The  site  is  a  former  dredged  material  disposal 
area  and  has  been  filled  to  approximately  +16  ft  MLLW.  Filling  of  the  site  to 
+20  ft  MLLW  would  provide  capacity  of  100,000  cu  yd;  fill  to  +35  ft  MIJ-W  would 
provide  capacity  of  an  additional  1,450,000  cu  yd  (total:  1,550,000  cu  yd). 
The  site  is  centrally  located  and  within  1  ml’.e  from  Hylebos,  Blair,  and 
Sitcum  Waterways.  The  discharge  path  for  this  site  is  Into  the  lower  end  of 
the  Blair  Waterway  through  an  existing  drainage  canal. 

The  port  has  no  current  plans  for  developing  the  site  and  no  prospective 
tenant,  suggesting  that  the  site  may  be  available.  Because  the  site  has  bee- 
filled  in  the  recent  past,  its  environmental  value  is  judged  to  be  relative’, 
low. 

3.  Puyallup  Rlver/Rallroad  Site.  This  site  is  located  on  the  sent'  ^ 
of  Interstate  5  (1-5),  upstream  from  the  I-5/Puyallup  River  bridge,  ar'  • 
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situated  between  the  UPRR  and  the  Puyallup  River.  It  Is  approximately  2  miles 
from  the  heads  of  Blair  and  Hylebos  Waterways.  Present  elevation  Is  approxi¬ 
mately  +9  ft  MLLW.  Filling  the  +80-acre  site  to  +20  ft  MLLW  would  provide 
capacity  of  1.3  million  cu  yd;  filling  the  site  to  +35  ft  MLLW  would  provide 
capacity  of  an  additional  2  million  cu  yd.  One-third  of  the  site  has  been 
Identified  as  a  wetland  pasture;  the  remainder  Is  under  agricultural 
cultivation.  Ownership  Is  by  the  UPRR,  although  the  former  meandering  river 
channel  through  the  site  Is  claimed  by  the  Puyallup  Tribe.  Water  from  the 
site  would  be  discharged  Into  the  Puyallup  River. 

The  site  has  very  large  capacity,  even  without  filling  to  +35  ft  MLLW. 
Fill  would  eliminate  approximately  25  acres  of  freshwater  wetlands. 

4.  Port  of  Tacoma  Site  "E".  This  site  Is  located  southeast  of  the  head 
of  Blair  Waterway  and  adjacent  to  the  Tacoma  Throughway.  It  Is  bounded  by 
Work  Road  to  the  south  and  Franck  Road  to  the  east.  The  site  Is  within  1  mile 
from  Blair  and  Hylebos  Waterways  and  has  been  used  for  dredged  material 
disposal  In  the  recent  past.  Current  elevation  of  the  site  Is  +20  ft  MLLW. 
Capacity  for  fill  to  +35  ft  MLLW  is  1.7  million  cu  yd.  At  the  present  time, 
the  port  has  no  tenant  or  plans  to  develop  the  site.  The  discharge  path  for 
this  site  would  be  through  the  existing  drainage  channel  and  creek  and  into 
the  lower  end  of  the  Hylebos  Waterway. 

Filling  the  site  would  raise  It  above  normal  Industrial  level  and  reduce 
its  land  use  value.  As  the  site  Is  only  sparsely  vegetated,  its  environmental 
value  is  judged  to  be  relatively  low. 

5,  Hylebos  Creek  Sites  Nos.  1  and  2.  These  two  sites  are  located  east 
of  54th  Avenue  East  on  the  north  and  south  sides  of  8th  Street.  Both  sites 
lie  within  1  mile  of  the  head  of  Blair  and  Hylebos  Waterways.  Elevation  both 
sites  is  approximately  +  9  ft  MLLW;  site  No.  1,  to  the  north  of  8th  Street,  is 
25  acres  and  site  No.  2,  to  the  south,  is  20  acres.  Filled  to  +20  ft  MLLW, 
capacity  of  site  No.  1  is  450,000  cu  yd  and  site  No.  2  is  325,000  cu  yd  for  a 
total  capacity  of  775,000  cu  yd.  Filling  both  sites  to  +35  feet  MLLW  would 
generate  an  additional  1  million  cu  yd  capacity.  The  two  sites  are  presently 
being  cultivated  for  agriculture.  The  discharge  path  from  these  sites  would 
be  either  into  the  small  creek  that  runs  between  the  sites  and  the  hill  to  the 
west  or  via  a  new  channel  that  connects  with  the  existing  drainage  channel  for 
disposal  site  "E." 
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Nearshore  Disposal 

All  six  nearshore  disposal  sites  are  located  along  or  within  Tacoma 
Harbor  waterways. 

1.  Middle  Waterway  Site.  Middle  Waterway  Is  located  between  City  Water¬ 
way  to  the  south  and  St.  Paul  Waterway  to  the  north.  The  waterway  has  shoaled 
into  the  Intertidal  range  at  Its  Inner  end  and  Is  quite  shallow  throughout 
with  an  average  elevation  of  -7  ft  MLLW,  although  medium  draft  tugboats  are 
still  able  to  utilize  the  outer  third  of  the  waterway.  The  27-acre  site  has  a 
total  capacity  of  650,000  cu  yd,  of  which  390,000  cu  yd  would  be  wet  below 
+12  ft  MLLW)  and  260,000  cu  yd  would  be  dry.  Users  and  adjacent  landowners 
Include  Foss  Towing,  UPRR,  St.  Regis  Paper  Company,  Paxport  Mills,  and  others. 
Foss  has  Indicated  a  desire  to  stay  or  to  maintain  Its  moorage  at  the  outer 
end  of  the  waterway.  Paxport  Mills,  under  recent  Federal  permit  action,  has 
placed  a  small  fill  along  the  waterway;  mitigation  of  a  resulting  wetland  loss 
was  a  condition  of  the  permit.  Ownership  of  the  waterway  Is  with  the  State  of 
Washington. 

Although  the  waterway  is  somewhat  In  decline.  It  is  still  a  working 
waterway.  Filling  would  adversely  affect  those  businesses  and  Industries 
along  the  vateway  that  still  rely  on  water  transportation  for  part  or  all  of 
their  operation.  The  site  would  be  able  to  accept  material  dredged  by  any 
method. 

2.  Milwaukee  Waterway.  Milwaukee  Waterway  is  located  between  the 
Puyallup  River  to  the  south  and  Sitcum  Waterway  to  the  north.  Wet  capacity  is 
estimated  at  1,870,000  cu  yd;  dry  capacity  Is  290,000  cu  yd;  total  Is 
2,160,000  cu  yd.  The  site  has  been  recently  acquired  by  the  Port  of  Tacoma 
who  has  filed  a  permit  application  (PN  071-OYB-2-006175)  to  fill  the  waterway 
to  accommodate  Sea-Land's  operations  and  to  develop  a  container  terminal 
facility.  Although  the  waterway  has  been  used  by  deep-draft  navigation  in  the 
past,  such  use  in  recent  years  has  been  infrequent.  The  waterway  is  also  the 
primary  disposal  site  for  the  Corps  of  Engineers'  proposed  navigation  improve¬ 
ments  project  for  Blair  and  Sitcum  Waterways.  The  site  is  zoned  S-10  (Port 
Industrial)  by  the  city  of  Tacoma.  Contaminated  materials  are  suspected  to 
exist  within  the  waterway. 

The  port  would  prefer  to  develop  this  site  In  the  near  future  (2  years) 
rather  than  wait  for  Superfund  results  or  for  authorization  of  the  Corps  of 
Engineers'  navigation  Improvements  project.  Otherwise,  limitations  are 
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virtually  Identical  to  Middle  Waterway •  although  there  are  currently  fewer 
users  of  Milwaukee  Waterway  as  a  navigation  waterway. 

3.  Blair  Waterway  Slips.  The  three  slips  are  located  on  the  south  side 
of  Blair  Waterway  and  the  outer  end.  The  outer  and  middle  slips  are  used  for 
deep-draft  navigation;  the  Inner  slip  Is  presently  used  for  shallow-draft 
moorage  by  commercial  fishing  vessels.  The  outer  slip  Is  owned  by  the  State 
of  Washington  and  the  middle  and  Inner  slips  are  owned  by  the  Port  of  Tacoma. 

Average  elevation  of  the  7-acre  outer  slip  Is  -30  ft  MLLW.  The  slip  lies 
bajrward  of  Pier  No.  1  and  would  have  to  be  diked  along  Commencement  Bay. 

Total  capacity  Is  892,000  cu  yd,  825,000  cu  yd  wet  and  67,000  cu  yd  dry. 

The  8-acre  middle  slip  lies  between  Piers  No.  1  and  2  and  has  an  average 
elevation  of  -30  ft  MLLW.  Total  capacity  Is  945,000  cu  yd,  868,000  cu  yd  wet 
and  77,000  cu  yd  dry. 

The  inner  slip  is  12  acres  and  has  an  average  elevation  of  13  ft  MLLW. 
Total  capacity  for  the  slip  Is  600,000  cu  yd,  484,000  cu  yd  wet  and 
116,000  cu  yd  dry. 

The  Port  of  Tacoma  plans  to  fill  these  slips  In  the  long  term;  however, 
at  present  they  have  no  Immediate  need  to  fill  the  outer  or  middle  slips.  The 
port  would  like  to  fill  the  Inner  slip  and  had  an  approved  Federal  permit 
(Issued  in  1974,  but  currently  expired)  for  this  action.  A  condition  of  the 
permit  required  relocating  the  fishing  fleet,  and  the  port  was  unable  to  meet 
this  condition.  The  port  has  indicated  that  they  would  prefer  to  see  any 
filling  completed  in  a  relatively  short  time  frame  to  maximize  the  Industrial 
use  of  the  site.  The  multiple  sites  provide  for  large  capacity  and  allow  a 
multiple  cell  system  for  effluent  treatment.  The  area  Is  heavily  Industrial, 
however,  and  lengthy  filling  could  disrupt  ongoing  uses.  The  outer  and  middle 
slips  would  require  dikes  approximately  48  ft  high.  Construction  of  such 
structures  would  probably  require  staged  construction  over  at  least  2  years. 
Filling  of  the  Inner  slip  would  displace  the  existing  fishing  fleet. 

4.  Blair  Graving  Dock.  The  site  Is  located  on  the  north  side  of  Blair 
Waterway  approximately  1,000  ft  east  of  Lincoln  Avenue.  The  site  was  exca¬ 
vated  to  -5  ft  MLLW  and  used  to  construct  the  pontoons  for  the  rebuilt  Hood 
Canal  Floating  Bridge.  The  700-ft  by  500-ft  rectangular  site  has  a  200-ft- 
long  opening  onto  Blair  Waterway.  Total  capacity  Is  200,000  cu  yd,  136,000  cu 
yd  wet  and  64,000  cu  yd  dry.  The  site  Is  owned  by  the  Port  of  Tacoma  and  is 
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currently  under  lease  to  the  J.A.  Jones  Company;  the  lease  expires  in  January 
1986,  at  which  time  the  port  has  the  option  of  requiring  the  leasee  to  refill 
the  site  or  to  leave  it  as  is.  Filling  of  this  site  would  displace  the 
graving  dock  function  from  the  bay. 

5.  Hylebos  Waterway  No.  1.  The  site  is  located  on  the  north  side  of 
Hylebos  Waterway,  immediately  west  of  the  East  11th  Street  Bridge,  and  is 
bordered  to  the  north  by  Marine  View  Drive.  Average  elevation  over  the 
74-acre  area  is  -10  ft  MLLW;  however,  the  site  is  a  combination  of  subtidal 
and  intertidal  habitats  containing  the  last  tidal  marsh  in  Commencement  Bay. 
The  site  was  the  subject  of  a  previous  Federal  permit  application 

(PN  07 1-OYB- 1-00 1200)  that  was  withdrawn  in  1978.  Total  capacity  is  cal¬ 
culated  at  1,274,000  cu  yd,  of  which  550,000  cu  yd  would  be  wet  and 
724,000  cu  yd  would  be  dry.  The  site  is  owned  by  the  Port  of  Tacoma  and  is 
zoned  S-11  (Industrial)  by  the  city  of  Tacoma. 

Strong  objections  to  filling  of  this  wetland  are  expected  from  the 
Puyallup  Tribe  and  environmental  agencies  and  interest  groups.  Mitigation  for 
the  loss  would  be  difficult. 

6.  Hylebos  Waterway  No.  2.  This  site  is  located  in  the  same  approximate 
area  as  Hylebos  Waterway  No.  1  but  is  east  of  the  bridge  and  Inside  the  water¬ 
way.  The  site  is  bordered  by  Marine  View  Drive  to  the  north  and  the  Sound 
Refining  Company  to  the  east.  Like  Hylebos  Waterway  No.  1,  the  area  is  a  com¬ 
bination  of  subtidal  and  Intertidal  habitat,  sloping  northward  from  the  water¬ 
way  to  high  ground  along  Marine  View  Drive,  and  is  presently  being  used  for 
log  storage.  Capacity  of  the  site  totals  300,000  cu  yd,  approximately 
70,000  cu  yd  wet  and  230,000  cu  yd  dry.  The  site  Is  owned  by  the  Sound 
Refining  Company,  which  has  held  meetings  in  anticipation  of  filing  for  neces¬ 
sary  permits  to  fill  the  site  for  plant  expansion. 

Limitations  of  this  site  are  the  same  as  for  the  Hylebos  Waterway  No.  1 


site. 


